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TRANSLATOR’S  PREFACE, 

EXTENDED  FROM  THE  FIRST  TO  THE  PRESENT 
FOURTH  EDITION. 


After  the  favourable  reception  which  the  original 
of  this  work  has  met  with  from  the  public,  and  the 
honom'  so  deservedly  heaped  on  ijts  author  by  the 
learned  in  all  parts  of  Europe,  it  cannot,  surely,  be 
necessary  in  this  place  to  insist  on  the  merits  of 
either.  The  book  has  been  so  often  pronounced,  by 
the  ablest  judges,  to  be  the  first  work  on  Physiology, 
— and  its  author  is  so  confessedly  the  most  eminent 
physiologist  of  the  present  day, — that  the  task  of 
encomium  is  quite  superseded.  Few  succeed,  or  in- 
deed attempt  improvement,  in  more  than  one  branch 
of  inquiry.  The  fame  of  Bichat  is  chiefly  founded 
on  his  general  anatomy  ; but  our  author’s  researches 
embrace  nearly  the  whole  range  of  Physiological 
Science,  and  few  of  its  departments  have  not  rewarded 
his  labours  by  some  interesting  discovery.  Of  most 


translator’s  preface. 


viii 

of  these  he  has  delivered  a succinct  account  in  the 
present  manual  ; and  though  its  plan  necessarily  ex- 
cludes lengthy  discussion,  and  that  parade  of  quota- 
tions, which  so  often  display  only  the  knowledge  of 
other  writers,  and  the  pedantry  of  the  citator,  it  can- 
not be  read  without  perceiving  that  M.  Magendie 
has  stored  his  mind  with  extensive  reading,  and 
considered,  with  much  judicious  reflection,  the  senti- 
ments of  other  physiologists  ; and,  in  short,  that 
he  has  omitted  little  that  properly  belongs  to  Phy- 
siology. 

As  the  Translator’s  object  was  merely  to  present 
the  British  student  with  a version  of  this  valuable 
Compendium  in  his  own  language,  to  illustrate 
obscure  passages,  and  to  supply  any  important  parti- 
culars that  may  have  happened  to  escape  the  atten- 
tion of  his  authqj’,  he  has  not  found  it  necessary  to 
overshadow  the  original  with  notes.  'Still,  where  it 
appeared  advantageous,  he  has  taken  care  to  supply 
them,  as  nearly  as  possible,  in  the  brief  manner  of  the 
text.  The  reader  will  find  that  the  references  are 
mostly  confined  to  accessible  works,  and  occur  as  sel- 
dom as  the  nature  of  the  subject  would  admit  ; it 
being  the  business  of  the  student  of  Physiology  to  ac- 
quire a knowledge  of  facts  rather  than  of  names. 

Except  a few  by  the  author,  the  Notes  have  almost 
all  been  placed  at  the  end  of  the  translation  ; as  the 
details  of  physiology  are  sufficiently  difficult  of  them- 
selves, and  abundantly  engage  the  attention,  without 
its  being  farther  encumbered  with  foot-notes. 
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Respecting  some  few  particulars,  M.  Magendie 
has  probably  been  mistaken.  In  these  instances  the 
Translator  has  endeavoured  to  lay  the  substance  of 
the  argument  on  both  sides  before  the  reader  ; or  to 
point  out,  what  seemed  to  him,  the  source  of  error. 
Satisfied  with  securing  the  reader  from  mistake,  he 
has  nowhere  sought  to  introduce  indecorous  contro- 
versies "with  his  author  ; having  little  desire  of  acqui- 
ring fame  from  this  unnatural  species  of  superfetation, 
in  which,  however  fashionable,  the  new  comer  only 
finds  a parasitical  existence  at  the  expense  of  his  pre- 
decessor. 

The  articles  supplied  in  the  notes,  are  what  appear- 
ed to  be  of  an  important  character.  The  reader  will 
find  that  they  embrace  many  of  the  most  interesting 
points  of  Physiology,  together  with  the  opinions  of 
the  more  eminent  cultivators  of  the  science  who  figure 
in  the  present  day  ; several  revived  theories  restored 
to  their  original  inventors,  and  now  and  then  some 
cm’ious  speculations  not  occurring  in  oiu  elementary 
works. 

Among  the  necessarily  miscellaneous  articles  thus 
added  to  the  text,  are  discussions  on  the  Tissues  of 
Bichat,  with  tables  ; Bichat's  Doctrine  of  the  double 
Life  ; On  the  Secretions,  The  Anatomy  of  the  Eye, 
The  Yellow  Spot  of  Soemmering,  Dr  Knox's  Dis- 
coveries, Ciliary  Processes,  Canal  of  Petit  ; Poke, 
Muscular  Contraction,  Theory  of  Vibrations,  Pla- 
cental Blood,  Respiratioîi,  Venous  Absorption, 
Craniology,  Sympathy,  Cerebral  Pulsations,  Theo- 
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ry  of  Sleep,  &c.  ; comprehending  the  experiments  and 
reasoning  of  Galen,  Harvey,  Haller,  Hunter,  Mon- 
ro, Spallanzani,  Blumenhach,  Philip,  Bichat,  Gor- 
don, Legallois,  Tiedemann,  and  many  others. 

The  work  was  almost  entirely  recast,  at  least  in  the 
first  volume,  and  more  than  two  hundred  pages  added 
in  the  last  French  edition.  These  comprehend  an  im- 
mense number  of  new  and  important  additions  ; the  re- 
cent Discoveries  in  the  Nervous  System,Ûiose  respect- 
ing the  Blood,  Respiration,  Animal  Heat,  Animal 
Motion,  Imbibition,  Absorption,  and  a multitude  of 
others,  the  labours  of  Magendie,  Flourens,  Bell, 
Edwards,  Dumas  and  Prévost,  Rolando,  Piedag- 
nel,  Ridlier,  Fodera,  Desmoulins,  Mayo,  Dulong, 
Gasperd,  Shaw,  Ribes,  Segalas,  and  many  eminent 
persons  besides,  whose  names  will  he  found  at  the 
articles  reduced  from  their  original  publications.  The 
author  has  likewise  added  two  plates,  illustrative  of 
the  circulation  of  the  blood,  and  four  extensive  Zoolo- 
gical Synopses,  drawn  up  by  his  friend  Desmoulins, 
the  author  of  the  “ Nervous  System  in  Vertebral 
Animals.” 

To  enable  the  student  more  easily  to  comprehend 
the  New  Doctrine  of  Tissues,  an  extensive  Table 
of  their  names,  division,  position,  character,  and  che- 
mical composition,  has  been  composed  by  the  Trans- 
lator. Another,  comprising  the  Fluids,  is  added  on 
the  same  plan.  He  will  thus  have  presented  to  him, 
under  one  view,  what  hitherto  could  only  be  acquired 
with  considerable  expense  and  labour  : but  he  will 
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please  to  remember  that  the  Translator’s  accuracy  is 
no  farther  pledged  than  for  the  careful  collection  of 
those  materials  from  the  best  authors.  To  these 
Tables  about  eighteen  others  are  added;  many  of 
them  original,  and  others  not  less  useful  or  interest- 
ing, drawn  from  sources  to  which  the  general  student 
rarely  has  access. 

In  this  fourth  edition,  the  whole  of  these  Tables 
have  been  revised  with  care  ; and  to  that  of  the  or- 
gans of  Phrenology,  the  solidity  and  weight  of  each, 
calcidated  with  considerable  care,  has  been  superadded. 
Another  elegant  Plate,  exhibiting  the  peculiarities  of 
the  fetal  circulation,  and  the  relative  size  of  its  ves- 
sels and  viscera,  is  presented  to  the  reader  in  the  pre- 
sent edition.  It  is  reduced  from  the  representation 
by  that  eminent  anatomist,  and  able  artist,  the  late 
Mr  Andrew  Fyfe  ; and  the  àccuracy  he  claims  for 
it  is  fully  established  by  comparing  it  with  the  actual 
measurements  of  Haller.  A full  explanation  of  this 
Plate  has  been  subjoined,  and  those  of  the  others 
considerably  improved.  Indeed,  the  same  spirit  of 
revision  has  been  carried  through  the  whole  work. 
In  addition  to  numberless  corrections  in  the  present 
edition,  the  Translator  has  nowhere  scrupled  to  eke 
out  the  sense  of  his  author,  wherever  that  seemed  ob- 
scur'e  ; a fault  which  most  generally  occurred  from 
the  great  density  of  style  indispensable  to  a work  de- 
signed to  comprise  so  much  matter  within  such  nar- 
row limits.  Not  unfrequently,  however,  it  seemed  to 
originate  from  the  different  state  of  medical  education 
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in  the  two  countries  ; and  in  all  such  cases,  the  Trans- 
lator, relying  on  the  professed  object  of  this  work,  to 
afford  a convenient  manual  of  Physiology  for  mecïical 
students,  has  taken  the  liberty  of  supplying  for  what 
M.  Magendie  did  write  in  France,  that  which  he 
would  have  written  had  he  lived  in  England.  He 
has  done  the  same  with  respect  to  all  errors  of  the 
French  press,  to  the  more  glaring  errors  of  fact,  and 
several  obvious  omissions  ; and  he  finally  hopes,  that 
these  his  efforts  to  enhance  the  utility  of  the  work,  as 
presented  in  this  edition,  will  be  indulgently  received 
by  that  public  which  he  has  already  to  thank  for  so 
much  favour,  and  the  honesty  of  his  purpose  be  ad- 
mitted as  a fair  apology,  even  by  the  most  slavish  ad- 
mirers of  literal  translation. 

In  the  department  of  the  Notes,  many  important 
changes  have  been  made.  Dming  the  rapid  succes- 
sion of  new  editions  of  a work  in  demand,  new  facts 
and  discoveries  often  come  out  while  the  text  or  its 
notes  are  half  through  the  press  ; and  the  author  must 
either  deny  himself  the  pleasure  of  communicating 
these  to  the  reader  of  the  forthcoming  edition,  or  com- 
mit some  irregularity  as  to  position.  Hence  the  dis- 
located order  perceptible  in  the  notes  of  the  former 
editions,  each  of  which  occupied  almost  equal  portions 
of  time  in  the  press  and  in  the  sale-room.  But  they 
were  addressed  to  readers  judged  capable  of  forgetting 
that  puny  formality,  which  so  often  sacrifices  utility 
to  a species  of  imitation,  vain  in  principle,  and  puerile 
in  practice.  All  irregularities,  however,  are  now  re- 
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dressed.  Many  notes  are  added,  many  completely 
recomposed  ; and,  in  not  a few  places  of  the  text,  it 
has  been  found  more  convenient  to  preserve  the  newly 
added  note  at  the  bottom  of  the  page,  in  order  to  be 
as  nearly  as  possible  in  contact  with  the  text.  Many 
books  are  nothing  more  than  one  large  index  ; such, 
for  example,  is  the  Systema  Naturœ  of  Linnœus. 
Books  of  science,  treating  of  such  an  infinity  of  sub- 
jects, must  always  be  of  comparatively  little  value 
without  an  alphabetical  index  ; and  to  systems  of 
Physiology,  no  two  of  which  are  arranged  alike,  such 
an  auxiliary  becomes  indispensable  to  the  student. 
To  meet  this  necessity,  very  copious  indexes  of  this 
description  were  prepared  for  the  last,  and  have  been 
adapted  to  the  present  edition.  They  comprise  an 
Alphabetical  Index,  an  Alphabetical  Index  to  the 
Notes,  an  Index  to  the  Tables,  and  an  Index  with 
Explanations  to  the  Plates.  By  aid  of  these,  the 
reader,  and  particularly  the  medical  student,  when 
preparing  himself  for  examination,  may,  with  certainty 
and  ease,  refresh  his  memory  on  any  subject  in  the 
book,  and  thus  obtain,  in  a moment,  that  which  other- 
wise would  have  cost  him  a long  search  ; the  annoy- 
ance of  which  deters  him  from  the  piusuit  of  know- 
ledge much  more  frequently  than  is  generally  ima- 
gined. 

Scire  volimt  omnes,  mercedem  solvere  nemo- 
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THE  AUTHOR’S  PREFACE 

TO  THE  FIRST  EDITION. 


My  principal  object,  in  composing  the  following 
work,  has  been  to  contribute  to  the  introduction  of 
the  Baconian  method  of  induction  into  Physiological 
science  ; at  least  I have  done  my  best  to  present  the 
science  under  the  Theoretical  form  ; following,  mean- 
while, in  the  exposition  of  facts,  the  inductive  or  ana- 
lytical method. 

The  reader,  then,  will  find,  more  especially,  a 
number  of  facts  in  this  book  of  which  I have  myself 
established  the  certainty,  sometimes  by  observation 
upon  man  in  health  or  disease,  sometimes  by  ex- 
periments upon  living  animals.  Amongst  these  facts 
the  reader  will  observe  many  which  are  entirely 
new. 

I have  not,  nevertheless,  neglected  the  possible 
and  useful  application  of  the  principles  of  natural 
philosophy,  mechanics,  chemistry,  &c.  to  the  phe- 
nomena of  life  : perhaps  they  may  appear  different 
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from  those  which  have  hitherto  been  advanced  ; for  I 
have  spared  no  pains  to  ascertain  their  accuracy 
Human  Physiology  is  the  only  subject  which  it 
was  my  intention  to  consider  ; General  Physiology, 
which  comprises  the  history  of  all  living  bodies, 
whether  animal  or  vegetable,  is  not  yet  sufficiently 
advanced  to  admit  of  being  formed  into  a complete 
body  of  science  ; and  the  parts  of  it  which  have 
reached  the  necessary  maturity  and  exactness,  are 
not  of  a nature  proper  to  enter  into  an  elementary 
work.  I must  finally  observe,  that  my  book  is  solely 

* Our  judicious  author  is  not  one  of  the  many  who  seek  to  rise  in  the 
esteem  of  the  medical  vulgar,  by  flattering  its  prejudices.  Of  late,  many 
such  writers  have  affected  to  banish  all  mechanical  conclusion  from  Phy- 
siology ; as  if  every  function  or  action  of  t.he  body  could  only  be  ex- 
plained by  the  laws  of  the  vital  principle  : but  without  showing  us  what 
that  principle  is,  or  the  extent  of  its  laws.  The  reader  who  is  capable 
of  analyzing  his  own  ideas,  wiU  discover,  on  a little  reflection,  that  we 
have  not  the  slightest  notion  of  any  action  or  motion  different  from 
what  is  drawn  from  the  motions  and  actions  of  the  inanimate  world  ; and 
that,  though  such  actions  in  the  living  body  are  doubtless  liable  to 
modification  from  the  vital  principle,  yet,  in  their  study,  we  no  more 
advance  our  knowledge  by  refusing  the  aid  of  mechanics,  than  the  sailor 
or  engineer,  who,  for  the  same  reason,  should  refuse  to  believe  that  the 
power  of  a certain  number  of  living  horses  was  equivalent  to  that  of  the 
steam-engine  which  propels  his  ship  or  machine  : because,  forsooth, 
those  animals  being  animated  by  the  vital  principle,  often  act  in  a w'ay 
which  we  cannot  explain  by  mechanics  ; we  should  rather  imitate  the 
judgment  of  the  same  artists,  who  always  admit  all  that  they  know  of 
both  brute  and  animal  matter  into  such  computations,  and  when  that 
proves  inconclusive,  scruple  not  to  confess  their  ignorance.  Furious 
anti-physical  Physiologists  may  derive  much  instruction  from  the  perusal 
of  an  elegant  passage  in  Richerand’s  Physiol,  i.  352,  {Ed.  1820,  Par.), 
which  we  have  not  leisure  to  transcribe  here— Tr. 
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destined  for  the  benefit  of  students  in  medicine.  If 
they  find  in  it  all  that  is  positively  knovm  and  esta- 
blished in  Physiology,  expressed  in  clear  and  simple 
language,  I'  shall  have  attained  the  object  which  I 
originally  proposed. 
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THE  AUTHOR’S  PREFACE, 

TO  THE  LAST  FRENCH  EDITION. 


My  principal  object  in  composing  the  first  edition  of 
this  work,  was  to  contribute  towards  a change  in  the 
state  of  Physiology,  to  reduce  it  entirely  to  experi- 
ment : in  a word,  to  impart  to  that  science  the  hap- 
py renovation  which  has  taken  place  in  the  natimal 
sciences. 

I did  not  form  a false  estimate  of  the  difficulties 
I had  to  encounter.  I knew  them  well;  they  are 
founded  in  the  natm'e  of  man,  and,  like  the  rest,  are 
physiological  phenomena. 

Numerous  prejudices  respecting  the  separation  and 
estrangement  of  physiology  form  the  exact  sciences — 
an  extreme  repugnance  to  experiments  made  upon 
animals — the  pretended  impossibility  of  applying 
their  results  to  man — the  almost  total  ignorance  pre- 
vailing even  of  the  methods  of  procedure  for  the  dis- 
covery of  truth — the  attachment  to  ancient  notions, 
which  arc  always  specially  protected  by  indolence 
and  cai'elessness— that  almost  passion  of  tenacity, 
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with  which  men  preserve  their  errors,  independently 
even  of  their  interest,  were  some  of  the  obstacles 
which  were  to  he  supported.  They  were  serious,  it 
is  true,  hut  secure  of  being  on  the  right  track,  and 
relying  on  the  silent  hut  steady  influence  of  truth,  I 
doubted  not  then,  nor  doubt  I now,  of  success,  and 
that  at  a period  not  far  distant. 

j Already  the  systems  founded  upon  the  organic 

j functions,  are  no  longer  received  with  the  same  de- 

; gree  of  favour  ; and,  in  order  to  publish  a work  of 

I romantic  physiology , it  is  now  necessary  to  make,  or 

: to  say  that  one  has  made  experiments. 

' The  mischievous  and  absurd  prejudice,  that  physi- 

cal laws  have  no  influence  upon  hving  bodies,  has  no 
longer  the  same  authority  ; intelligent  persons  begin 
to  perceive  that  a great  variety  of  phenomena  may 
I exist  in  living  animals,  and  that  actions  simply  me- 

; chanical  by  no  means  exclude  actions  simply  vital. 

We  shall  hope  that  physiologists  will  no  longer  be 
proud  to  boast  of  their  ignorance  of  the  first  priu- 
!il  ciples  of  natural  philosophy  and  chemistry,  and  of  af- 

i fording  deplorable  proofs  of  that  ignorance  in  their 

j'  works. 

I It  is  now  no  longer  doubtful  that  researches  upon 

h animal  bodies  may  be  applied,  with  admirable  preci- 

' ; sion,  to  the  phenomena  of  the  life  of  man  ; the  lumi- 

1 nous  clearness  whicli  the  recent  experiments  relative 

' i to  the  nervous  functions  have  thrown  upon  pathology, 

)||  removes  all  uncertainty  in  that  respect;  but  what 
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proves,  much  better  than  I can  express,  how  much 
the  utility  of  physiological  experiments  is  now  felt,  is 
the  great  number  of  persons  applying  themselves  to 
researches  of  this  kind  ; and  the  rapidity  with  which 
new,  unexpected,  and  important  discoveries  succeed 
each  other  for  some  time,  and  make  of  the  science  of 
life  an  entirely  new  system. 

But  a few  years,  and  Physiology,  intimately  con- 
nected with  the  physical  sciences,  shall  not  be  able  to 
make  a step  without  their  succour  : she  will  acquire 
the  rigour  of  their  method,  the  precision  of  their  lan- 
guage, and  the  certainty  of  their  results  ; by  raising 
herself  thus,  it  will  soon  be  out  of  the  reach  of  that 
ignorant  rabble,  which  blaming  without  ever  com- 
prehending, is  always  present  and  frequent  when  the 
object  is  to  oppose  the  progress  of  science.  Medicine, 
which  is  only  the  physiology  of  the  sick  man,  will 
soon  follow  in  the  same  path  ; soon  reach  the  same 
height  ; and  we  shall  then  see  all  those  degrading 
systems  which  have  disfigured  it  for  so  long  a period 
rapidly  disappear  *. 

• I here  return  my  best  thanks  to  those  of  my  associates  or  pupils 
who  have  had  the  kindness  to  assist  me  in  bringing  up  this  edition  to 
the  present  level  of  science  : but  I owe  them  particularly  to  Dr  Des- 
moulins, for  the  pains  he  has  taken  to  arrange  the  Zoological  Tables  at 
the  end  of  the  volume. 
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Abdomen,  ....  Page  242 
division  of,  . . . . ib. 

Abdominal  parietes,  . . . 243 

muscles  ; action  m vomiting,  286 
Absorption,  or  course  of  the  chyle,  295 
and  course  of  the  chyle,  appa- 
ratus of,  . . . . 298 

of  the  chyle,  mechanism  of,  . 301 
and  course  of  the  lymph,  305,  310 
and  circulation  of  the  lymph  ; 
apparatus  of,  . 

, of  lymph,  experiments  on— J. 
Hunter,  .... 
experiments  of  Dr  Segalas 
upon,  .... 
lymphatic,  of  serous  mem- 
branes, .... 

of  cellular  tissue,  . 

of  the  skin,  . 

objections  against,  320 

venous,  .....  346 
— — — experiments  on,  . 346 
of  the  skin,  . . 348 

experiments 
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312 
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effect  of  plethora  upon,  . 
of  the  pulmonary  veins. 


Air,  physical  and  chemical  changes 

of,  in  the  lungs,  . Page  391 
atmospheric,  respiration  of 
other  gases  than,  . . 397 

direction  of,  m traversing  the 
nostrils,  • 74 

Albino  anhnals,  favourable  to  opti- 
cal experiments,  . . 40 

Aliments  and  drinks,  . . .221 

accumulation  of,  in  the  stomach,245 
alteration  of,  in  the  stomach,  249 
action  of  the  stomach  upon,  . 244 
prehension  of,  ...  225 
mastication  and  insalivation  of, 

228,  234 

deglutition  of,  . . . 235 

cause  which  prevents  them 
being  thrown  back  into  the 
esophagus,  . . . 247 

cause  why  they  do  not  pass  the 
pylorus,  . . . . ib. 

Analysis  of  fecal  matters,  . . 269 

of  the  different  parts  of  the 
blood,  . . . .331 

Anastomoses  in  the  arteries,  effecî  of,41 8 


of  the  fetus. 


. 349 

Ancients,  elementary  fibres  of. 

10 

. 360 

four,  elements  of,  . 

12 

. 415 

Anfractuosities  and  convolutions. 

n 

cerebral,  . . . . 

104 

. 515 

Angle  of  incidence. 

22 

refraction,  . . . . 
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ralization,  . . . . 

115 

Annual  bodies,  elements  of  their 

Acceleration,  . . . . 

159 

composition. 

9 

Accent, 

145 

heat, 

480 

Acoustic  nerve,  .... 

64 

principal  source  of. 

ib. 

action  of,  ...  . 

70 

second  source  of. 

487 

Acid,  carbonic  ; formation  of  (in 

experiments  upon,  . 

488 

' the  lungs). 

396 

of  the  fetus,  . 

515 

Action,  vital,  .... 

Adhesion, 

18 

Annual  instinct,  .... 

117 

160 

passions,  .... 

118 

Adult,  larynx  of,  . 

149 

Animals  and  vegetables,  difference 

Æquator  oculi,  .... 

25 

between,  .... 

4 

After-taste, 

81 

proximate  principles  of,  . 

10 

Air,  introduction  of,  into  the 

azotized,  . 
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veins,  . . . 

445 

non-azotized,  . 
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and  blood,  contact  of, 

373 

Antagonism  of  the  lung  and  dia- 

and its  properties. 

385 

phragm  after  death. 

384 

quantity  of,  habitually  con- 
tained in  the  lungs,  . 

390 

Aorta,  and  its  divisions,  course  of 
the  blood  m,  . . 

416 
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Aorta,  experiments  upon  the  course 

of  the  blood  in,  . . Page  419 

Apparatus  and  organs,  ...  7 

of  vision,  . . . .24 

consists  of  the  eye 
and  optic  nerve,  ■ . 3.1 
protecting  parts  of  the  eye,  . 24 

lachrymal,  . • . .28 

Aqueous  humour,  . . .33 

membrane  of,  . . . ib. 

use  of, 37 

Arachnoidea  tunica,  . . .101 

Anns  of  the  lever,  . . .157 

influence  of  the  length  of,  . ib. 
Arterial  blood,  transformation  of, 
venous  into,  or  respira- 
tion, . . 373,  393 

course  of,  . . . 402 

parietes,  elasticity  of,  . .420 

Arteries,  . . . . .402 

effect  of  curvature  in,  . .417 

effect  of  anastomosis,  . .418 

passages  of  blood  of,  into  the 
veins,  . . . 405,  421, 

and  lymphatic  vessels,  com- 
munication between,  . . 422 

of  the  brain,  . . . .105 

Artery,  pulmonary,  passage  of  ve- 
nous blood  through,  . . 366 

action  of,  . • • • 369 

Arteriosus  ductus,  ductus  venosus, 

heart,  foramen  ovale,  . .510 

Articulation  of  bones,  . . . 161 

Articulations,  moveable,  . . ib. 

Artificial  eyes.— Laws  of  dimension,  40 
media — optical  illusions,  . . 52 

Arytenoid,  cricoid,  thyroid,  carti- 
lages of  the  larynx,  . .130 

glands,  .....  132 
Arytenoideum  capitula,  fibro-carti- 
lages,  epiglottis. — Santorini,  131 
Athletæ — intensity  of  muscular 

contraction,  . . .123 

Attitudes  and  motions,  . .154 

in  different  ages,  . . .194 

in  youth  and  adult  age,  . .197 

of  the  old,  . . . . ib. 

relation  of  the  sensations  with,  ib. 
relations  of  sight  with,  . .198 

relation  of  smell,  taste,  and 
touch  with,  . . .199 

relation  of  internal  sensations 
with,  . . . . ib. 

relation  of,  with  instinct  and 
the  passions,  . . . 203 

relation  of,  with  the  voice,  . ib. 
Attitudes,  prmciples  of  mechanics 

necessary,  to  understand,  . 154 
of  man,  . . . .163 

in  the  fetus,  . . . .195 


Attitudes  in  the  infant,  . Page  195 
Attraction  and  vital  force,  no  ana- 
logy between,  . . .17 

Auricle,  right,  action  of,  . . 364 

Authors,  vital  prmciple,  according 
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Base  of  support,  . . . .158 

Bichat's  division  of  the  systems,  . 6 

Bile,  and  pancreatic  juice,  manner 

in  which  they  flow,  . .210 

secretion  of,  . . . . 462 

excretion  of,  . . . . ib. 

Bladder  and  urethra,  . . . 465 

causes  which  produce  accumu- 
lation of  urine  in,  . . 466 

passage  of  drink  from  the  sto- 
mach to,  . . . . 468 

Blood,  venous  ; course  of,  . . 342 

circulation  of,  described,  . 327 
analysis  of  the  different  parts 
of,  . . . . . 332 

phenomena  of  the  coagulation 
of,  . . . . .334 

venous  ; apparatus  of  circula- 
tion ofj  . . . . ib. 

influence  of  venous  parietes  on 
the  motion  of,  . . . 333 

venous  passage  of,  through 
right  cavities  of  heart,  . 363 
pulmonary  artery,  . 366 
reflux  of,  in  the  venæ  cavæ,  . 363 
venous,  transformation  of,  in- 
to arterial,  or  resph’ation, 

373,-393 

and  air,  contact  oÇ  . . 373 

colouring  of,  . . . . 394 

arterial  ; course  ofj  . . 402 

fatty  matter  of,  . . . ib. 

motion  of,  in  the  lungs  of  the 
salamander,  . . . 405 

contains  the  elements  of  tis- 
sues, .....  403 
passage  of,  through  the  capil- 
laries of  the  lungs,  . .412 

passage  ofj  through  the  lungs, 
experiments  on,  . .415 

passage  of,  through  the  left  ca- 
vities of  the  heart,  . .416 

course  of,  in  the  aorta  and  its 
divisions,  . . . . ib. 

experiments  on  the  course  of, 
in  the  aorta,  . . .419 

of  the  arteries  ; passage  of,  in- 
to the  veins,  . . . 421 

total  quantity  of,  and  velocity 
of  cfrculation,  . . 427,  429 

volume  of  organs  in  proportion 
to  that  of,  . . . . 428 
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Blood,  relation  of  volume  of  spleen 

to  that  of,  . . . Page  429 

volume  of  body,  in  relation  to 
quantity  of,  . . 428 

difterent  modifications  of  mo- 
tion of,  ...  • 430 

nature  of,  in  different  parts  of 
its  circle,  . . • .431 

separation  of  the  elements  of, 
by  the  capillaries,  . • ib. 

influence  of  the  nervous  sys- 
tem upon  the  motion  of,  . 433 
influence  of  the  composition  of, 
upon  the  action  of  organs,  . 434 
experiments  upon  the  compo- 
sition of,  . . • • ib. 

transfusion  of — and  infusion  of 


medicines,  .... 

442 

Bodies,  and  their  divisions,  . 

1 

ponderable,  . ... 

ib. 

imponderable. 

ib. 

general  properties  of. 

2 

secondary  properties, 

ib. 

■ state  of,  .... 
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change  of  state  in. 

ib. 

composition  of,  . 
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simple,  ..... 
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compound,  .... 
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ing,  

living,  causes  of  the  phenome- 

3 

na  peculiar  to,  . 
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colouring  of,  . 

Bodies  animal,  elements  of  compo- 

29 

sition  of,  . . 

9 

solid  elements  of,  . 

ib. 

liquid  elements  of, 

ib. 

gaseous  elements  of. 

ib. 

Body  human,  structure  of,  . 

volume  of,  in  relation  to  quan- 
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tity  of  blood, 

428 

human,  solids  of,  . 

renovation  of,  in  seven 
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years, 

18 

Bones, 

160 

form  of, 

161 

structure  of,  . 

ib. 

articulation,  . . . . 

ib. 

ligaments,  cartilages,  &c.  m- 
sensible  in  health,  . . 88 

Bones,  little,  &c.  of  the  cavity  of 

the  tympanum,  . . .62 

use  of,  . . 67 

Bourgeons,  vascular,  or  buds,  of 

Gautier^  . . . .84 

Boy,  blind,  restored  to  sight,  by 

Cheselden,  . . .53 

Brain,  Functions  of,  . . 98 

not  formed  from  nerves,  nor 
nerves  from  brain,  . .91 


Brain,  the  material  instrument  of 

thought,  . . . Page  99 

means  of  protection  to,  . . ib. 

remarks  upon,  . . .101 

comprises  three  distinct  parts,  102 
of  man  greater  than  that  of 
annuals,  . . . .104 

two  substances  compose  it,  . 105 
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QUELIN,  . . . . ib. 
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veins  of,  ....  106 
of  man  and  living  animals  ; ob- 
servations on,  . . . ib. 

with  pulse,  twofold  motion  of, 
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and  cerebellum,  pressure  up- 
on,   107 

uses  of,  . . . . . ib. 

parts  of,  necessary  to  the  sense 
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influence  of,  upon  motions,  . 186 
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Buds,  or  vascular  bourgeons,  of 
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Canal  godronné,  or  canal  of  Petit,  . 34 

Canal,  excretory,  of  the  lachrymal 

glands,  . . . .28 

achrymal,  . . . .29 

Canals,  semicircular,  . . .64 

Capillaries,  separation  of  the  ele- 
ments of  the  blood  by,  . 431 
Capitula  arytenoideum — Santori- 
ni, ...  . 131 

Carbonic  acid,  formation  of  (in  the 

lungs),  . . 39 
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of  the  larynx,  . . 132 
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Cavæ  venæ  ; reflux  of  blood  in,  . 363 
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Cavities,  nasal  ; influence  of,  upon 
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Cellular  tissue,  lymphatic  absorp- 
tion of,  . . . .319 

serous  exhalation  of,  . . 448 

fatty  exhalation  of,  . . 449 

Centre  of  gravity,  . . .155 
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do respecting,  . . Page 
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influence  ofj  upon  motion, 
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vital  force — still  unexplained. 

Chemical  composition  of  the  brain, 
Vauquelin,  .... 

Cheselden's  blind  boy  restored  to 
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Chorda  tympani,  .... 

Chordæ  falsæ,  or  superior  ligaments 
of  the  glottis. 
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use  of, 

Chyle,  absorption,  or  course  of,  295,  301 
contained  in  the  lacteal  ves- 
sels,   

nature  of— the  three  parts  of, 
apparatus  of  absorption,  and 
course  of,  . 

mechanism,  of  absorption  of,  . 
and  lymph  in  the  fetus, . 
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structure  of,  . 
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motions  of  the  stomach  during 
the  formation  of, 
influence  of  eighth  pair  of 
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ferent parts  of  its, 
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on,   429 
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Coition  and  fecundation,  or  im- 
pregnation, . , . 499 

Colour  of  the  iris — depends  on  the 

uvea, 35 

of  bodies,  . . . .23 
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Conceptions,  multiple,  . . . 516 
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absorption  of  foreign  sub- 
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Corion  of  the  skin,  . . .84 


INDEX 


XXV 


Cornea,  transpai-ent,  . . Page  33 
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motion,  . . . .188 

cavernosa,  . . . .491 
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Gall, 84 
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changes  of  the  form  ofj  . . ib. 
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use  of, ib. 
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use  of, 36 
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experiments  on,  . . . ib. 

follicular  secretions,  . . 459 
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Definition  and  divisions  of  physio- 
logy, . . . . .1 

Deglutition  of  aliments,  . . 235 

apparatus  of,  . . . . 236 

mechanism  of,  . . . 237 

influence  of  the  wifi,  upon,  . 241 
of  atmospheric,  . . . 282 

Delivery, 517 

periods  of,  ...  . 518 

Dentition,  second, ....  288 
Desires,  instinctive,  or  wants,  . 89 

Despretz,  experiments  upon  animal 

heat, 481 

Diaphragm,  experiments  upon  the 

play  of,  ...  . 384 

and  lung,  antagonism  of,  after 
death,  . . . , ib. 

Digestion, 206 

apparatus  of,  . . . , . 207 

theories  of,  . . . . 253 

Sir  A.  Cooper's  experiments,  254 

artificial,  ....  256 
of  drinks,  ....  276 
modifications  of,  by  a^e,  . 286 
relation  of,  with  the  functions 
of  relation, ....  292 
with  the  senses,  . . 293 

with  muscular  contraction,  ib. 
with  the  cerebral  func- 
tions, . . . . 294 

Digestion,  influence  of  the  great 

sympathetic  on,  . . . 294 

of  the  fetus,  . . . .514 


Digestive  organs  of  man  and  ani- 


mals, remarks  on,  . Page  208 
actions  in  jiarticular,  . . 225 

Diseases  of  the  fetus,  . . .516 

Distances,  mode  of  estimating  by 

sounds,  . . . .71 

Distinction  of  the  organic  solids,  . 6 

of  tact  from  touch, . . .83 

Division,  new,  of  nerves,  . . 94 

Drinks  and  aliments,  . .221,  224 

digestion  of,  . . . .276 

taking  of,  ...  . ib. 

accumulation  and  duration  of, 
in  the  stomach,  . . . 278 

alteration  of,  in  the  stomach,  . 279 
action  of  the  small  intestines 
.upon,  . . . . .281 

passage  of,  from  the  stomach 
to  the  bladder,  . . .469 

Duct,  thoracic,  ....  299 
Ducts,  lachiwmal,  absorption  of  the 

tears  by,  . . . .32 

Dupuytren  and  Richerand's  table,  . 6 

Dura  matei’, 100 


E 

Ear,  external,  . . . .60 

pavilion  of,  . . . .61 

middle — membrana  tympani, . 62 

internal,  or  labyrinth,  . . 63 

uses  of,  . . . .69 

limits  of  the  acute  sensibility  of  j 65 
action  of  the  two  apparatus  of,  70 

Echo, 60 

Economy,  influence  of  the  seminal 

secretion  upon,  . . . 493 

Education  of  sense,  . . .98 

Edwards,  Dr,  account  of  the  struc- 
ture of  the  üâs,  . . . 35 

Eighth  pair  of  nerves,  influence  of, 

upon  the  formation  of  chyme,  257 
upon  respiration,  . . 398 

Elasticity  of  the  arterial  parietes,  420 
Elements  of  the  composition  of  ani- 
mal bodies, ....  9 

mconfinable,  . . . . ib. 

four,  of  the  ancients,  . ' . 12 

Elements  of  tissues — contained  in 

the  blood,  ....  403 
of  blood  ; separation  of,  by  the 
capUlaries.  . . . .431 

Embryo, 507 

and  germ,  functions  of;  . . 508 

Epicranius  muscle,  . . .100 

Epidermis, 84 

Epiglottic  gland  (merely  elastic 

cellular  tissue),  . ’ . .132 

uses  of; ib. 

Epiglottis,  muscles  of— glosso-epi- 

glottideus,  . . . .131 
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Epiglottis,  uses  of,  in  the  voice,  Page  131) 


Equilibrium,  stability  otj 
Erect  posture,  . . . . 

oil  the  knees  — kneeling,  or 
geniculation,  . ; 

reasons  why  infants  cannot 
stand. 

Erection, 

experiments  upon 
Eructation,  . 

Esophagus,  . 

cause  which  prevents  the  ali- 
ments from  being  thrown 
back  into,  . . . ■ 

Eustachian  tube,  use  of. 

Excretion  of  bile,  . . . . 

of  urine,  .... 

of  semen,  .... 

Exhalation,  internal,  of  the  eye,  . 
imbibition  is  a cause  of,  . 
influenced  by  efforts, 
absorption,  foUicular  secretion 
of  the  fetus. 

Exhalations, 

internal, 

serous, 

of  cellular  tissue, 
fatty,  of  cellular  tissue,  . 
synovial,  .... 

sanguineous,  .... 
of  the  mucous  membranes. 
Expiration  and  inspiration,  . 
Expression,  or  timbre — intensity  of 
sound,  .... 

Extremities,  superior,  motions  of, 
inferior,  motions  of, 
superior,  use  of,  in  leaping, 
Extremity,  inferior,  leaping  u] 
one,  only. 

Eye,  experiments  on,  . 

cases  in  which  only  one  is  em. 
ployed, 

involuntary  motions  of, 
expeiiments  upon  the  c 
muscles  of, . 
influence  of  pedicles  of  cere- 
bellum, and  pons,  upon  the 
motions  of,  . 

internal  exhalation  of,  . 
Eyebrows,  use  of,  .... 
Eyelids,  ..... 
Eyelids,  margin  of,  . . . 

skin  of,  . 

cellular  tissue  of,  . 

use  of, 

triangular  canal  from  junction 

of, 

Eyes,  gum  of,  ...  • 

action  of  two, .... 


156 

163 

168 

195 

494 

ib. 

284 

236 


217 

68 

462 

467 

494 

450 

452 

453 

515 

517 

ib. 

448 
ib. 

449 

450 

451 

454 
387 

58 

178 

179 
184 


Eyes,  divided  into  refractive  and 

non-refractive  parts,  . Page  33 
vessels  and  nerves  of,  . . 36 

artificial — law  of  dhnension,  . 40 

proofs  that  we  see  at  the  same 
time  with  both,  . . .49 


upon 


liga- 


Face,  nerves  of, 

partial  motions  of,  . 

Facial  nerves — influence  of, 

. physiognomy. 

Fallopian  tubes,  . 

action  of,  . . , 

Falsæ  chordæ,  or  superior 
ments  of  the  glottis,  . 

Falx, 

Fatigue, 

Fatty  exhalation  of  the  cellular 
tissue,  .... 
Fecal  matters,  analysis  of. 

Feces,  passage  and  accumulation  of, 
in  the  large  intestines. 
Fecundation  anà  coition,  or  im- 
pregnation, 

F em"le  genital  organs,  . 

Ferrein — extent  of  voice. 

Fetus, 

and  placenta,  functions  otj 
circulation  of,  ... 
and  mother  ; relation  of  the 
circulations  of,  . 
confirmed  vitality  of — or  via- 
bilité, ..... 
digestion  of — chyle  and  lymph 
in  the  fetus, 
absorption, 


121 

171 

175 

495 

503 

133 

100 

125 

449 

269 

267 

499 

495 

136 

507 

509 

510 

512 

56 

514 


n 

cular  secretion  of. 

515 

. ib. 

glandular,  secretion  of,  . 

ib. 

, 42 

animal  heat  of,  . . . 

ib. 

L- 

and  mother,  relation  of  the 

. 49 

functions  of,  . . . 

ib. 

. 173 

diseases  of,  . 

516 

e 

Fibre,  nervous,  .... 

92 

. ib. 

muscular — composition  of. 

121 

Fibres,  elementary,  of  the  ancients,  10 
Chaussier's  division  of,  . . ib. 

174  muscular,  while  contracted 

450  not  shortened,  . . . 124 

24  Fibro-cartüages,  . . . .131 

25  inter-articular,  . . .162 

ib.  Fifth  pair,  to  posterior  fasciculi  of 

ib.  spinal  marrow,  relation  of.  111 

26  influence  of,  upon  nictation,  . 172 

ib.  upon  the  seventh,  ib. 

efiect  of  division  oJÇ  . .174 

31  Fluids,  their  proportion  to  the  solids,  1 1 

27  Chaussier's  synoptical  table  of,  12 

49  other  classifications  of,  . . ib. 
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Fluids,  physical  properties  olj  Page  13 
chemical  properties  otj  . .14 

phenomena  of  the  life  of j . 16 

Flymg, 186 

Focus  of  refraction,  . . .21 

Follicles  and  glands.  Meibomian^  . 27 

Follicular  secretions,  . . . 458 

mucous,  . . . . ib. 

cutaneous,  . . . . ib. 

absorption,  exhalation,  of  the 
fetus,  . . . . .515 

Foot,  one,  standing  upon,  . .168 

Foramen  ovale,  ductus  arteriosus, 

ductus  venosus,  heart,  . 510 

Force, 154 

resulting,  . . . . ib. 

with  which  the  ventricles  of 
the  heart  dilate,  . . . '425 

mtemal,  urging  us  forwards,  187 
vital,  and  attraction — no  ana- 
logy between,  . . .17 

of  Chaussier — still  unexplain- 
ed,   16 

Functions  and  their  classifications,  19 
divided  into  those  of  relation, 
nutritive,  and  generative,  ib. 
of  relation,  . . . .20 

method  to  be  pursued  in  the 
study  ofj  . . . . ib. 

of  cerebellum,  . . .100 

nutritive,  ....  204 
general  considerations  upon,  ib. 
of  relation  ; relation  of  diges- 
tion with,  . . . .294 

generative,  . . . .499 

Gr 

GALL-gi-ey  (brown)  matter  of  brain 

does  not  produce  white,  . 1 05 
Galvanism,  influence  of,  upon  im- 
bibition, ....  362 
Games  of  children,  . . . 196 

Ganglions,  influence  of,  upon  the 

motion  of  the  heart,  . . 42? 

of  cerebral  nerves,  . . .92 

Gases,  permeability  of  tissues  to,  . 8 

intestinal,  . . . .212 

Gases,  contained  in  the  large  intes- 
tines,   271 

origin  of,  in  the  large  intes- 
tines,   273 

other  than  atmospheric  air  ; 
respiration  of,  . . . 397 

Gastric  juice,  . . . .210 

Gautier — vascular  bourgeons,  or  buds,  84 
Generalization,  faculty  of,  or  ab- 
straction, . . . .115 

Generation,  . . • . 439 

apparatus  of,  . . . 490 


Generation,  in  tlie  ovary,  experi- 
ments upon  . Page  502 
Geniculation,  or  kneeling — erect 

posture  on  the  knees,  . .168 

Génital  organs  of  the  male,  . . 490 

of  the  female,  . . .495 

Genius, 114 

Germ  and  embryo,  functions,  . 507 
German  magnetists— sleep-walkers,  89 
Gestation  or  pregnancy,  . . 502 

changes  of  the  uterus  during,  504 
general  phenomena  of,  . . 505 

Gestures,  important  distinction  re- 
lative to,  . . . .198 

native  or  mstinctive,  . . ib. 

acquired  or  social,  . . . ib. 

Gland,  lachrrmral, . . . .28 

excretory  canals  of,  . . ib. 

Glands  and  foUicles — Meibomian,  . 27 

arytenoid,  . . . .132 

epiglottic, — (only  elastic  cellu- 
lar tissue),  . . . . ib. 

uses  of,  . . . ib. 

mesenteric,  ....  299 
action  of,  . . . 304 

lymphatic,  use  ofl  . . . 32.5 

Glandula  hinomhiata,  . . .28 

JIaideri,  ....  ib. 
Glandular  secretions,  . . . 459 

explanation  of,  . . . 47O 

experiments  upon, . . .471 

of  the  fetus,  . » . .515 

Globules  (blood),  exist  in  all  ani- 
mals, .....  403 
appearance  of,  in  state  of  mo- 
tion and  repose,  . . . 404 

Globular  incubation,  state  of,  . ib. 
Glosso-ejîiglottideus,  . . .131 

Glottis, 133 

ligaments  of  ; labia  or  rima 
glottidis,  . . . . ib. 

superior  ligaments  of,  or 
chordae  falsæ,  . . . ib. 

motion  of,  in  respfiation,  . 389 
Godronné,  canal,  or  canal  of  Fetit,  . 34 

Gravity,  centre  of,  . . .155 

Grey  (brown),  matter  does  not  pro- 
duce the  white — Gall,  . 105 
Gum  of  the  eyes,  . . . .27 


H 


Hahs, 99 

Hand — properties — Buffon's  idea,  . 87 

H appiness  or  misery  of  man,  . 115 
liarderi  glandula,  . . . .28 

Harmonic  fundamental  sounds,  . 59 

Head,  motions  of,  upon  the  verte- 
bral column,  . . .175 

Hearing,  .....  58 
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Hearing,  apparatus  of,  . . Page  60 

mechanism  of—Boerhaavc,  . 63 

pinna,  not  indispensable  to,  . 66 

modification  of,  by  age,  . .71 

at  birth, ib. 

m the  mfant, . . . .72 

in  the  aged,  . . . . ib. 

relation  of  sight  to,  . .151 

relation  of,  with  the  move- 
ments, . . . .199 

Heart,  right  cavities  of,  . . 339 

passage  of  venous  blood 
through,  . • . 363 

left  cavities  of,  . . .411 

passage  of  blood  through,  416 
motion  of)  remarks  on,  . . 423 

force  with  which  the  ventricles 
dilate,  ....  425 
cause  of  the  motions  of, . . ib. 

dilatation  of,  not  an  active 
operation,  . . . . ib. 

experiments  of  M.  Legal- 
lois upon  the  motion  of,  . 426 
influence  of  the  ganglions 
upon  the  motions  of)  . . 427 

Heat,  strong,  means  by  which  we 

resist, 487 

animal, 480 

principal  source  of, . . ib. 

second  source  of,  . .487 

experiments  of  ilf.  Des- 
pretz,  ....  480 
experiments  upon,  , .488 

of  the  fetus,  . . .515 

Hemispheres,  sensation  not  seated 

in, Ill 

hifluence  of,  upon  motion,  . 187 

Hole,  central,  of  Soemmemng,  . 36 


Human  body,  structure  of,  . .4 

solids  of,  ....  5 

Humour,  aqueous,  . . .33 

membrane  of,  . . 34 

use  of,  ...  37 
crystaUine,  . . .33 

Humour,  capsule  of,  . . . 34 

use  of, . . . .38 

vitreous,  . . . .34 

hyaloid,  membrane  of,  ib. 
use  of,  ...  38 

Humours,  their  proportion  to  the 

solids,  . . . .11 

Hunger  and  thirst,  . . .215 

its  causes  and  effects,  . .216 

Hunter — experiments  upon  the 

absorption  of  lymph,  . .312 

I 

Ideas  arise  principally  fi-om  exter- 
nal sensations,  . . .97 


Illusions,  optical  — artificial  me- 

diums,  . . . Page  52 

Imagination,  . . . .114 

Imbibition,  property  common  to 

all  living  tissues,  . , . 7 

of  livhig  tissues,  expernnents 
on,  . . . . . 360 

influence  of  galvanism  upon,  362 
Impregnation,  coition,  or  fecunda- 
tion, '■ 499 

experiments  upon,  . .501 

Impulses  in  the  brain,  four  chief,  193 
mutual,  for  circular  move- 
ment— manege,  . . . ib. 

Incidence,  angle  of,  . . . 22 

Incisivum  os,  M.  Jacobson's  organ 


m, 90 

Inconfinable  elements,  ...  9 

Incubation,  globular,  state  of,  in 

motion  and  repose,  . . 404 

Inertia, 158 

Infant,  new  born,  vision  in,  . .57 

hearing  in,  . 92 

Infants  do  not  see  double,  . . 57 

Infusion  of  medicines,  and  transfu- 
sion of  blood,  . . . 442 

Innominata  glandula,  . . .28 

Inorganic  and  living  bodies,  diffe- 
rence between,  ...  3 

Insalivation  and  mastication  of  ali- 
ments, . . . 228,  234 

Inspiration,  voice  of,  or  inspii'atory 

voice, 146 

and  expiration,  . . . 387 

Instinct,  . . . . .116 

double  object  of,  . . . ib. 

man  possesses  two  sorts  of, 
social  and  animal,  . 117,119 
and  the  passions,  relation  of 
attitudes  and  movements 

with, 203 

Instruments,  optical,  . . .24 

Instruments,  wind,  . . .128 

mouth, ib. 

reed, 129 

tube  of,  its  influence,  . ib. 
hai-mony  of  the  tube  with,  ib. 
Intellect,  or  under standhig— soul,  99 
conditions  favourable  to  the 
development  of, . . .116 

Intensity  of  hght,  . . .21 

of  sound — timbre,  or  expres- 
sion,   58 

Internal  sensations,  . . .88 

Intestinal  gases,  . . . .212 

canal,  different  modes  of  con- 


traction of, . . . .213 

Intestines  greatly  developed  m 

plethoric  subjects,  . . 429 
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Intestines,  large,  passage  and  accu- 

Larynx,  muscles  ofj 

Page  131 

mulation  of  feces  in,  . Page  268 

external. 

. 

ib. 

gases  contained  in. 

271 

internal. 

* 

ib. 

* origin  of  gases  in,  . 

273 

mucous  membrane  of. 

132 

action  of,  ...  . 

267 

vessels  and  nerves  of. 

ib. 

structure  of,  . 

ib. 

ventricles  of,  . 

133 

Intestine,  small,  action  of. 

260 

use  of. 

140 

accumulation  and  passage  of 

of  the  fetus  and  infant,  . 

, 

149 

chyme  into. 

ib. 

at  puberty. 

• 

ib. 

progress  of  chyme  in. 

262 

of  the  adult,  . 

ib. 

changes  suffered  by  the  chyme 

in  old  age. 

. 

ib. 

in,  . . . 

ib. 

Laws  of  refraction. 

• 

21 

gases  contained  in. 

263 

Leaping,  . . . . 

182 

action  of,  upon  drinks,  . 

281 

vertical. 

• 

ib. 

Iris, 

35 

forwards  and  backwards. 

183 

colour  of,  depends  on  the  uvea. 

ib. 

use  of  superior  extremities  in, 

184 

dispute  regardmg  the  tissue  of. 

ib. 

upon  one  infeiior  extremity 

Dr  Edwards'  account  of  the 

only,  . . . . 

ib. 

structure  of,  . . . 

ib. 

experiments  upon 

the 

muscles  of,  . 

36 

motion  of  the  heart,  . 

426 

motions  of,  . 

43 

Letters,  . . . . 

144 

contraction  of,  . . . 

ib. 

vocal,  or  vowels,  . 

* 

ib. 

non-vocal,  or  consonants. 

ib. 

J 

Levator  palpebræ. 

. 

26 

Jacobson’s  organ  in  the  os  incisi- 

Levers,  . . . . 

, 

156 

vum — JuBiNE — Cuvier, 

90 

of  the  first  kind. 

157 

.Jaune  tache,  or  central  hole  of 

of  the  second  kind. 

. 

ib. 

Sœmmering,  . . .36 

Judgment, 114 

Judging,  faculty  of — reasoning,  . ib. 
Juice,  gastric,  . . . .210 

pancreatic,  and  bile  ; manner 
in  which  they  flow,  . .212 

secretion  o:Ç  . ^ . . .461 

K 

Kidneys, 464 

excretory  canal  of,  . .465 

action  ofj  . . . . 468 

Kneeling,  or  geniculation,  erect 

posture  on  the  knees,  . .168 


Labia,  rhna  glottidis,  or  ligaments 

of  the  glottis,  . . .133 

Labyrinth,  , . . . 63,  64 

Lachrymal  apparatus,  . . .28 

gland, ib. 

excretory  canals  of,  . ib. 

canals,  . . . . 29 

sac, ib. 

ducts,  absorption  of  the  tears 

by, 32 

Lachrymalia  puncta,  . . .29 

Lachrymaüs  caruncula, . . .28 

Lactation, 519 

LameUæ  of  the  cerebellum,  . .104 

Larynx — produces  and  modifies 

voice,  ....  130 
cartilages  of,  . . . . ib. 


of  the  third  kind,  . . . ib. 

arms  of,  ....  ib. 
influence  of  the  length  of  arm 

in, ib. 

insertion  of,  the  power  upon,  1 58 
Lite  of  fluids,  phenomena  of,  .16 
advanced,  vision  in,  . .58 

Ligament,  ciliary,  . . .35 

Ligaments, 162 

Ligaments,  bones,  cartilages,  &c. 

insensible  in  health,  . . 88 

superior  of  the  glottis,  or  chor- 
dæ  falsæ,  . . . .133 

Ligamentum  magnum  palpebra- 
rum,   25 

Light,  . . .'  . . .20 

rays  of, 21 

intensity  of,  . . . . ib. 

reflection  of,  . . . . ib. 

composition  of,  . . . 23 

cone  of, 40 

weak  ; effects  of — dazzling,  . 46 

probably  traverses  the  retina,  47 
retma  perceives  the  direction  ofj  46 
Liquids  found  in  the  stomach,  . 209 
I.iquor,  Meibomii,  . . .27 

Cotunnü,  . . . .64 

Locomotion,  motions  of,  . .179 

Lungs, 374 

general  idea  of,  . . . ib. 

dilatation  of,  in  the  chest,  . 383 
and  diaphragm  ; antagonism 
of,  after  death,  . . . 384 
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Lungs,  quantity  of  air  habitually 

contained  in,  . Page  330 
physical  and  chemical  changes 
of  air  in,  . . . , 39T 

of  the  salamander,  motion  of 
the  blood  in,  . . . 405 

capillaries  olj  passage  of  the 

blood  through,  . . .412 

experiments  upon  the  passage 
of  blood  through,  . .415 

Lymph,  absorption  and  course  of, 

306,  310 

and  chyle  in  the  fetus,  . .310 

analysis  ofj  . . . . 308 

apparatus  of  absorption  and 
circulation  ofj  . . . ib. 

experiments  upon  the  absorp- 
tion of — J.  Hunter,  . .312 

Ijrobable  origin  of,  . . . 323 

course  of,  ....  325 
Lymphatic  absorption  of  serous 

membranes,  . . . .318 

of  cellular  tissue,  . . .319 

the  skin,  . . . . ib. 

objections  against,  . ib. 
glands,  use  of,  ...  326 

M 

Magnetism,  German — sleep-walkers,  69 
Malconfbrmation,  . . .516 

Malpighi  corpus  mucosum — M. 

Gall,  . . . .84 

Mammæ, 520 

Man,  brain  of,  greater  than  that  of 

animals,  in  proportion,  . 104 
and  living  animals  ; observa- 
tions on,  . . . . 106 

Man,  happiness  or  misery  of,  .115 

possesses  tv/o  sorts  of  instinct, 
social  and  animal,  . .116 

subject  to  two  sorts  of  pas- 
, sions,  . ...  . .118 

Manège — natural  impulse  for  circu- 
lar movements,  . . .193 

Margin  of  the  eyelids,  . . .25 

Mariotte's  experiments  not  conclu- 
sive,   47 

Marrow,  spinal — protection  of,  .101 

pressure  upon,  . . .107 

posterior  fasciculi  of,  and  fifth 

pair,  relations  of,  . .Ill 

Mastication  and  insalivation  of  ali- 
ments, . . . . 228 

organs  of,  . . . . • 230 

uses  of  the  velum  pendulum 
palati  in,  ....  234 
Mastoid  cells,  use  of,  . . .69 

Mater  dura,  , . . . . 101 

Matter,  grey  (brain),  does  not  jiro- 

duce  the  white— Gall,  . 105 


Meatus  externus,  . . ‘Pages  60,  61 

uses  of, 66 

Mechanics,  principles  of,  necessary 
to  understand  the  atti- 
tudes, . . . .154 

Mechanism  of  vision,  . , .37 

sequel  of,  . 39 
of  hearing,  . . .65 

Media,  artificial — optical  illusions,  52 
Medicine,  infusion  ofj  and  transfu- 
sion of  blood,  . . . 442 

Meibomian  glands  and  follicles,  . 27 

Meihomii  liquor,  ....  ib. 

uses  ofj 32 

Membrana  tympani,  . . .62 

uses  of,  . . . ...  66 

Membrane  of  the  aqueous  humour,  34 
hyaloid,  of  the  vitreous  hu- 
mour, . . . . ib. 


pupillary — Edwards'  account 
of,  . ...  . .56 

elastic — properties  of,  . . . 60 

mucous,  of  the  larynx,  . .132 

pituitary,  . . . ' . 74 

general  and  special  sensi- 
bility of,  depends  on 
the  fifth  pair,  . . 76 

Membranes,  serous — lymphatic  ab- 
sorption pf,  , . . . 318 

mucous — exhalations  of,  . 454 

Memory,  ...  . .112 

in  different  ages,  . . . ib. 

different  kinds  of,  . . .113 

Menstruation,  . . . . 497 

IVIesenteric  glands,  . . . 299 

action  ofj  . . . .304 

Milk,  secretion  of,  . . . . 621 

Misery  or  happiness  of  man,  . 115 
MonocuH,  . . . - . 49 

Monstrosities,  _ . . . .516 

Mother  and  fetus,  relations  of  the 

circulation  of,  . . .512 

relation  of  the  functions  of,  . 515 
Motion  of  the  brain  With  the  pulse, 

twofold— ^respiration,  . , . ^ . 106 
nerves  of,  and  nerves  of  sense,  120 
of  the  blood  ; influence  of  ve- 
nous parietes  on,  , . . 343 

of  the  glottis  in  respiration,  . 389 
of  the  heart,  remarks  upon,  . 423 
cause  of,  ....  425 
experiments  of  M.  Legallois 
on,  . ....  . 427 

of  the  blood  in  the  lungs  of  . 
the  salamander,  ...  . 405 

rapidity  of, 429 

different  modifications  ofj  . 4.30 
influence  of  the  nervous  sys- 
tem upon,  . . ..  . 433 

Motions,  causes  which  influence,  . 158 
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Motions,  equable,  . . Page 

partial, 

of  the  face,  . 
involuntary  of  the  eye,  . 
of  the  eye,  influence  of  pedun- 
cles of  cerebellum  and  pons 

upon, 

of  the  head  upon  the  vertebral 
column,  .... 
of  the  trunk,  .... 
of  the  superior  extremities,  . 
of  the  inferior  extremities, 
of  locomotion, 

influence  of  the  brain  upon,  . 
of  the  hemispheres  upon, 
of  the  corpora  striata  up- 
on, .... 
of  the  cerebellum  upon,  . 
of  the  pons  varolii  upon, 
of  the  pyramidal  bodies 
upon,  .... 
animal,  influence  of  the  pe- 
duncles of  cerebellum  upon, 
of  the  stomach  during  the  for- 
mation of  chyme, 
of  respiration,  influence  ot^ 
upon  the  circulation,  . 
and  attitudes,  . . 154, 

in  different  ages, 

. of  the  fetus,  . 
of  the  infant,  . 
in  youth  and  adult  age,  . 
of  the  old,  . . 

relations  of  the  sensations 
with,  .... 
IMoulting,  or  change  of  voice, 
Mouth  instruments. 

Moveable  articulations. 
Movements  and  attitudes,  relations 
of  sight  with, 

relations  of  smell,  taste,  and 
touch  with, 

the  internal  sensations  with,  . 
with  instinct  and  the  passions, 
with  the  voice,  . 
relation  of  hearing  with, 
influence  of  the  brain  and  spi- 
nal marrow  upon. 
Movement,  circular,  natural  im- 
pulse for — manège,  . 

Moving  power,  .... 
Mucous  membrane  of  the  larynx, . 
exhalations  of,  . . . 

follicular  secretions. 

Mucus,  nasal,  .... 
Multiple  conceptions,  . 

Muscle,  epicranius,  . . 

Muscles,  ..... 
zigzag  flexion  of,  . 
of  the  iris,  .... 

of  the  larynx. 


Muscles  of  the  larynx,  external. 

Page  131 
internal,  . . ib. 

of  the  epiglottis — glosso — epi- 
glottideus,  . . . . ib. 

oblique,  of  the  eye,  experi- 
ments  on,  . . . .173 

Muscular  fibre — composition,  . 122 
contraction,  . . . .119 

apparatus  of,  . . . .122 

phenomena  ofj  . . .123 

hypothesis  respecting,  . ib. 
intensity  of — Athletœ,  . ib. 
duration  of,  . . .125 

velocity  of,  ...  ib. 
extent  of,  . . . . 126 

modification  of,  in  different 
ages,  . . . . ib. 

in  the  fetus,  . ib. 
in  the  infant,  . 127 
in  manhood,  . ib. 
in  old  age,  . ill. 
relations  of  digestion  with,  293 
action,  phenomena  not  to  be 
confounded  with,  . .126 


N 


Nasal  mucus,  . . . .75 

cavities,  influence  of,  upon  the 
voice,  . . . .141 

Nerve,  acoustic,  . . . .64 

action  of)  . .70 

vidian, 63 

olfactory,  . . . .75 

sympathetic,  . . . .97 

facial,  influence  of  upon  phy- 
siognomy, . . . .175 

Nerves, 90 

origin,  or  cerebral  extremity 

of) ib. 

brain  not  formed  from,  nor 
nerves  from  brain,  . .91 

differences  of,  amongst  each 
other,  . . . . ib. 

organic  extremity  of,  . . 92 

chemical  composition  of,  . ib. 

cerebral,  ganglions  of)  . . ib. 

action  of— in  sensation,  . . 93 

sensible,  , . . .94 

new  division  of)  . . . ib. 

insensible,  . . . .95 

sympathetic,  . . . .97 

structure  of)  . . . .92 

optic, 36 

structure  of,  . . . 37 

centre  of — insensible  to  light,  47 
of  taste — conical  papiUæ,  . 80 

of  taste,  cannot  be  traced  into 
the  lingual  pajiillæ,  . . ib. 

of  sense  and  nerves  otAnotioii,  120 
of  the  face,  ....  121 


159 

171 

ib. 

173 

174 

176 

ib. 

178 

179 

ib. 

180 

187 

188 

189 

192 

193 

191 

252 

435 

170 

194 

195 

ib. 

197 

ib. 

ib. 

151 

128 

162 

197 

199 

ib. 

203 

ib. 

189 

200 

193 

158 

132 

4,54 

458 

75 

516 

99 

122 

123 

36 
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Nerves  of  the  larynx,  . Page  132 
- eighth  pail-,  influence  of,  upon 

respii-ation,  . . . 398 

Nervous  fibre,  . . . .92 

system,  influence  of,  upon  the 
motion  of  the  blood,  . . 433 

Nictation,  or  winking,  . . .172 

experiment  on,  . . . ib. 

influence  of  the  fifth  pair  upon,  ib. 
Noise — musical  scale,  . . .59 

Nostrils,  direction  of  the  air  in  tra- 
versing, . . . .74 

Notes,  translator’s,  . . . 527 

Nursing, 519 

. Nutrition,  general  idea  of,  . 18,  472 

experiments  upon,  . .475 

Nutritive  functions,  . . . 204 

general  considerations  on,  . ib. 

O 

Objects,  spots  seen  on,  . . .46 

estimate  of  the  distance  of,  . 49 

of  the  magnitude  of,  51 
of  the  motions  of — 
projectile,  . . ib. 

OcuU  tutamina,  . . . .24 

æquator,  . . . .25 

Odours,  . . . . .72 

Odours,  manner  m which  they  are 

developed,  . . . .73 

classification  of,  . . . ib. 

projiagation  of,  . . . ib. 

Œsophagus,  .....  237 
cause  which  prevents  the  ali- 
ments from  being  thrown 
back  into,  ....  248 
Olfactory  nerve — spongy  bones,  . 75 

Optic  nerve — action  of,  . . 48 

nei-ves — ^their  sources,  . . 36 

structure  of,  . . 37 

centre  of,  insensible 
to  light,  . . 47 

Optical  instruments,  . . .24 

illusions — artificial  media,  . 52 

Opticus  thalamus — effect  of  wound 

of,  , . . . . 112 

Organ  of  M.  Jacobson,  in  the  os  in- 

cisivum,  . . . .90 

Organs,  and  apparatus,  ...  7 

physical  properties  of,  . . ib. 

influence  of  water  upon,  . 8 

chemical  properties  of,  . . ib. 

digestive  ; of  man  and  animal, 
remarks  on,  . . . 288 

of  mastication,  • • • 230 

volume  of,  in  proportion  to 
that  of  blood,  . . • 428 

influence  of  composition  of 
blood  upon  the  action  of)  • 434 
genital,  of  the  male,  . ■ 490 


Organs,  genital,  of  the  female.  Page  495 
Origin,  or  cerebral  extremity  of 

the  nerves, . • . .91 

probable  of  lymph,  . . 323 

Os  incisivum — organ  of  M.  Jacob. 

so«  in — JuRiNE — Cuvier,  90 

Ovaries,  . . . . . 495 

Ovary,  generation  in,  experiments 

upon,  . . . . 502 

Ovum,  in  utero,  development  of,  . 506 

P 

Pain  and  pleasure,  sensations  of,  . 96 
Pair,  fifth  (nerves),  and  posterior 
fasciculi  of  spinal  marrow, 
relations  of,  . . .Ill 

influence  of  upon  nictation,  . 172 
upon  the  seventh,  . . ib. 

effect  of  division  of,  . .174 

eighth,  influence  of,  upon  the 
formation  of  chyme,  . . 258 

Palati  velum  pendulum,  use  of,  in 

mastication,  . . . 234 

Palpebræ  levator,  . . .26 

conjunctiva,  , . . .56 

Palpebrarum  ligamentum  magnum,  28 
Pancreatic  juice,  secretion  of,  . 461 
Papillae,  conical — nerves  of  taste,  . 80 

lingual — nerves  cannot  be  tra- 
ced into,  ....  ib. 
Parietes,  abdominal,  . . . 243 

venous,  influence  of  on  the 

motion  of  the  blood,  . . 343 

Passions, 118 

man  subject  to  two  sorts  of, 
animal  and  social,  . . ib. 

seat  of, 119 

Pavilion  of  the  ear,  . . .61 

uses  of,  . . . . .65 

Peduncles  of  the  cerebellum,  and 
pons,  influence  of,  upon  the 
motions  of  the  eye,  . .174 

of  cerebellum,  influence  of) 
upon  animal  motions,  . 191 

Penis, 491 

Perception,  faculty  of — ^four  prin- 
cipal modifications  of,  . 110 
Periods  of  delivery,  . . .518 

Permeability  of  tissues  to  gases,  . 8 

Petit,  canal  of,  or  canal  godronné,  . 29 

Phenomena  peculiar  to  living  bodies, 

causes  of,  . . . .16 

general,  of  gestation,  . . 505 

of  the  life  of  fluids,  . .16 

of  the  coagulation  of  blood,  . 334 
Physiognomy,  . . . .175 

influence  of  the  facial  nerve 
upon,  . . ■ . ib. 

Physiol(^y,  definition  and  divisions  , 
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Pinna,  .....  Page  60 

use  of, 65 

not  indispensable  to  hearing,  . 66 

Pituitary  membrane,  . . .74 

general  and  special  sensibility 
of,  depends  on  the  fifth  pair,  76 
action  of  vapours  upon,  . . 78 

Placenta  and  fetus,  functions  of,  . 609 
Plane,  inclined,  walking  up,  . .101 

down,  - 182 

Pleasure  and  pain,  sensation  of,  . 96 

Plethora,  effect  of,  upon  absorp- 
tion,   360 

Plethoric  subjects,  intestines  great- 
ly developed  in,  . . .429 

Pons  varolii,  influence  of,  upon  mo- 
tion,   192 

Poi'es  of  the  skin,  . • .84 

Power,  moving,  . . . .158 

which  urges  us  backwards, 

190,  191 

Prehension  of  aliments,  . .225 

Pressure,  atmospheric,  influence  of, 
upon  the  dilatation  of  the 
' thorax,  ....  380 
Principle,  vital,  of  authors,  . .16 

Principles,  proximate,  of  animals,  . 10 

Processes,  ciliary,  . . . .35 

use  of— Jacobson — Edvjards — 

Ribes,  . . . .45 

Pronunciation,  . . . .145 

Propagation  of  sound,  . . .59 

Properties  of  tissue,  . . .10 

chemical,  of  organs,  . . 8 

physical,  of  fluids,  . . .13 

chemical,  of  fluids, . . .14 

vital, ib. 

from  Bichat  and  the  MonU 
•pellier  school,  . . ib. 

Protection  of  the  brain,  means  of, . 99 

of  the  spinal  marrow,  . .101 

Proximate  principles  of  animals,  . 1 0 

azotised,  . . . . ib. 

non-azotised, . . . . ib. 

chemical  composition  of,  . ib. 
Pulmonary  artery,  . . .341 

passage  of  venous  blood 
through,  ....  366 
action  oti  . . . . 369 

transpiration,  . . . 394 

veins, 410 

absorption  of,  . . .415 

Pulsation,  venous,  . . . 364 

Pulse, 430 

Puncta  lachrymaHa,  . . .29 

PupU, 35 

effect  of  venery  and  internal 
disease  upon,  . . .43 

Pupillary  membrane — Edward’s  ac- 

count  of,  . , . .56 


Pylorus,  cause  why  the  aliments 

do  not  pass,  . . Page  248 

passage  of  chyme  through,  . 262 

Pyramidal  bodies,  influence  of, 

upon  motion,  . . .193 

R 

Rays  of  light,  . . . .21 

transportation  of,  by  parallel 
■ surfaces,  . . . .23 

Reasoning — faculty  of  judging,  . 114 

Reasons  why  the  infant  cannot 

stand  erect,  . . .195 

Recumbent  posture,  . . .170 

Reed  instruments,  . . .129 

tube  of,  its  influence,  . . ib. 

harmony  of  the  tube  with,  . ib. 
Reflection  of  light,  . . .21 

of  sounds — echo,  . . .CO 

Reflux  of  blood  in  the  venae  cavæ,  363 

Refraction, 21 

angle  of,  ....  22 

laws  of, 21 

in  proportion  to  density  and 
inflammability,  . . . ib. 

focus  of,  ....  ib. 
Regurgitation,  ....  284 
Renovation  of  the  body  in  seven 

years,  ....  18 

Repose  and  motion,  appearance  of, 

the  globules  in,  . . . 404 

Respiration — twofold  motion  of  the 

brain  with  the  pulse,  . .106 

Respiration,  or  transformation  of 

venous  into  arterial  blood,  373 

all  the  small  vessels  adapted 

to 374 

motion  of  the  glottis  in, . . 389 

of  other  gases  than  atmosphe- 
ric air,  ....  397 
artificial,  . . . .401 

influence  of  the  motions  of, 
upon  the  circulation,  . . 435 

Retina,  its  lilac  thit — M.  Bites' s 

opinion,  . . . .36 

action  of,  ...  45 

perceives  the  direction  of  light,  46 
central  part  of,  most  sensible,  47 
void  of  sensibility,  . . ib. 

light  probably  traverses,  . ib. 
Ribes,  M.,  opinion  of;  peculiar 

membrane,  . . .30 

Ribs,  mechanism  of  the  movement 

of, 377 

relation  of  mobility  of,  to  their 


length,  . . . . ib. 

Richerand  and  Dupuytren's  table,  . 6 

Rolando,  opinion  of,  respecting  the 

cerebellum,  . . ,18) 

Running, 185 
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Salamander,  motion  of  the  blood  in 

the  lungs  o^  . . Page  405 

Saliva, 229 

secretion  of,  . . • . 460 

Sanguineous  exhalations,  . . 451 

Santorini  — fibro-cartilages,  epi- 
glottis,  capitula  arytenoi- 
deum,  ....  131 
Sapid  bodies,  chemical  action  of, 

on  the  tongue,  . . .81 

impressions,  duration  of,  . ib. 
Sapidity  of  bodies  not  in  propor- 
tion to  solubility,  . .79 

Sa/oart,  experiments  of,  upon  elas- 


tic  membranes,  . 

. 60 

Scale,  musical,  . . 

. 59 

Scalp, 

. 99 

Skull,  changes  of  form  oÇ 

. 100 

Sclerotic  coat. 

. 35 

Secretion  of  saliva. 

. 460 

of  pancreatic  juice, 

. 461 

of  büe,  .... 

. 462 

of  urine. 

. 464 

experiments  on,  . 

. 469 

glandular,  explanation  of. 

. 470 

experiments  on,  . 

. 471 

of  semen. 

. 492 

influence  of,  upon 

the 

economy. 

. 493 

follicular,  in  the  fetus,  . 

. 515 

glandular,  in  the  fetus,  . 

. ib. 

of  mUk,  .... 

. 521 

of  tears. 

. 459 

Secretions,  division  of,  . 

. 446 

follicular. 

. 458 

mucous. 

. ib. 

cutaneous,  . 

. ib. 

glandular,  ....  459 
Segalas’,  Dr,  experiments  on  ab- 
sorption, . . . .315 

Semen,  physical  and  chemical  pro- 
perties of,  . . . .492 

excretion  of,  . . . . 494 

Semicircular  canals,  . . .63 

Séminales  vesiculæ,  . . .491 

Sensations  in  generae,  . 20,  90 

which  accompany  the  action 
of  organs,  . . . .89 

succeed  to  the  action  of  organs,  ib. 
painful,  or  feelings,  . . ib. 

apparatus  of,  . . . .90 

mechanism,  or  physiological 
explanation  of,  . . . 93 

action  of  the  nerves  in,  . . ib. 

vivacity  of,  can  be  artificially 


increased,  . . . .95 

diminished,  . . .96 

reciprocal  influence  of,  . . ib. 

of  pain  and  pleasure,  . . ib. 


Sensations,  external,  ideas  aiise 

pi-incipally  from,  . Page  97 
modifications  of,  from  age, 

sex,  &c ib. 

in  the  fetus,  . . . .98 

at  birth,  . . , . ib. 

in  old  age,  . . . . ib. 

not  seated  in  the  hemispheres.  111 
relation  of,  with  the  attitudes 
and  motions,  . . .197 

internal,  . . . .88 

relation  of,  w\th  the  attitudes 
and  movements, . . .199 

Sense,  causes  which  put  in  action 

the  organs  of,  . . , 90 

Senses,  the  loss  of  one  augments 

the  activity  of  others,  . 96 

education  ofj  . . . .98 

nerves  of,  and  nerves  of  mo- 
tion,   120 

touch  has  no  prerogative  over 
the  other,  . . . .87 

relations  of  digestion  with,  . 293 

Sensibility, no 

two  modes  of,  ...  ib. 
organic,  imaginary,  . .15 

different  in  different  parts  of 
the  skin,  . . . .85 

retina,  void  of,  . . . 47 

in  the  ages,  . . . .110 

parts  particularly  contribut- 
ing to,  ...  . ib. 

Serous  membranes,  lymphatic  ab- 

sorption  of,  . . .318 

exhalation,  ....  448 


of  the  cellular  tis- 
sue, . . . ib. 

Serum,  composition  of,  . . . 332 

Seventh  pair,  influence  of  the  fifth, 

upon, 172 

Sight,  parts  of  the  brain  necessary 

to  the  sense  of,  . . .112 

Singing,  . . . . .149 

articulate,  . . . .147 

extent  of  the  voice  in,  . .*  146 

Sinuses,  . . . .15 

use  of, 78 

Sitting  posture,  . . . . I70 

Sixth  sense,  pretended, . . .89 

Skin,  chorion  oÇ  . . . .84 

pores, ib. 

no  nervous  papiUæ  of,  . . ib. 

sensibility  different  in  diffe- 
rent parts  ofj  . • . 85 

lymphatic  absorption  of,  . 31 9 
objections  against, . 319 
venous  absorption  by,  . . 348 

of  the  eyelids,  j.  . . 25 

Sleep, 521 

walkers— German  magnetists,  89 
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Smell, Page  72 

apparatus  of,  . . . .74' 

uses  of,  , 
mechanism  of, 
experiments  upon, 
modifications  of  by  age, . 
taste  and  touch,  relation  of, 
with  the  attitudes  and  mo- 
tions,   

Soemmering,  central  hole  of. 

Solar  spectrum,  .... 
Solids,  organic  distinction  of, 

their  proportion  to  the  fluids 
or  humours. 

Soul, 

Sound, 

intensity  oî,  — ümhre,  or  ex- 
pression, .... 
propagation  and  velocity  of,  . 
acute — grave— defined,  . 
reflection  of  — echo — mysteri- 
ous chambers, 

modes  of  estimating  distances 

by? 

Souilds,  appreciable, 

fundamental,  harmonic,, 
independent  of  the  voice. 

Spectrum,  solar,  . • . . 

Speech, 

and  voice  of  children, 

Spinal  marrow,  protection  of, 
pressure  upon, 

posterior  fasciculi  of,  and  fifth 
pair,  relations  of, 
and  brain,  influence  of  upon 
the  movements,  . 

Spleen,  relation  of  volume  o^  to 
that  of  the  blood, 
influence  of,  upon  the  circu- 
lation, .... 

Spots  seen  on  objects,  . 
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up  an  inclined  plane. 

. ib. 

down  an  inclined  plane, . 

. 182 

Wants,  or  instinctive  desires. 

. 89 

Water,  influence  of,  upon  organs, . 8 

'White,  not  produced  by  the  grey 

matter  (brain)  Gall,  . . 105 

Wfll, 115 

influence  o^  upon  deglutition,  241 

Wit, 114 

Wind  instruments,  . . .128 

Winking,  or  nictation,  . . . 172 


J.lï 


INDEX  TO  THE  NOTES. 


Page 


Absorption,  lymphatic,  discussion  of,  . . • .571 

objections  to  the  author’s  great  experiment  considered,  575 
venous,  Haller’s  opinion  of  J.  Hunter’s  experiments 
against,  .....  587 

lymphatic,  Haller’s  opinion,  quite  afBrmative  of,  . 576 
Action,  nervous,  electricity  cannot  be  proved  to  have  a share  in,  . 545 

Adaptation,  internal,  of  the  eye  to  distances  disputed,  . • 539 

Ages,  difl’erent,  growth  of  head  at,  ascertained  by  hatters,  . . 552 

external  dimensions  of  head  at — Table,  . . ib. 

dimensions  of  brain  at,  . . . . 553 

Age,  old.  Sir  H.  Halford’s  disease  of,  . . . . 601 

Air,  cold,  first  respiration  not  produced  by  contact  of,  • . 544 

Albino  animals,  image  on  the  retina  of,  previously  seen  by  Haller,  . 538 
Anatomical  description  best  effected  by  comparison,  however  made,  536 
Animal  heat,  its  connexion  with  respiration,  . . . 589 

Animals,  distinction  of,  from  vegetables,  . . . .528 

Animalcules,  spermatic,  paralogism  respecting  them,  . .591 

Aqueous  humour,  membrane  of,  existence  doubtful,  . . 536 

Arteries,  contractility  of,  arguments  for  and  against,  . . 584 

Annotator’s  experience  entirely  unfavourable  to  Phrenology,  . 556 

easy  mode  of  ascertaining  Phrenology  proposed  by,  • 559 
Articulation,  Dr  Gordon’s  article  upon,  ....  565 


Barry,  Dr,  the  author’s  refutation  of  his  theory,  . . . 588 

Bath,  water,  neither  cold  nor  warm  at  75®  F.,  . . . 543 

Bell,  Mr  C.,  muscularity  of  the  uterus  asserted  by,  . . 590 

his  natural  system  of  the  nerves,  • . . 546 

Berzelius,  found  picromel  in  human  bile,  ....  589 
Bichat’s  and  others’  divisions  of  tissues,  ....  530 
his  use  of  the  term  life,  .....  567 
Bile,  human,  picromel  found  in,  by  Berzelius,  . . . 589 

Blood,  oily  matter  in,  Dr  Traill  of  Liverpool,  . . . 582 

globules  of,  their  figure  and  dimensions,  . . . 583 

heat  evolved  during  its  coagulation.  Dr  Gordon,  . . 582 

maternal,  fetus  really  nourished  by,  ...  598 

globules,  the  sac  which  forms  them,  . ...  583 

Blood,  specific  heat  of.  Dr  Davy’s  experimental  results  of,  . 575,  582 

placental,  Dr  Campbell’s  experiments  on  colour  of,  . . 599 


xl 


INDEX  TO  THE  NOTES. 


Body,  tiuman,  singularly  different  statements  of  heat  of,  . . 575 

Brain  attains  its  full  size  at  the  seventh  year,  . . .552 

dimensions  of,  at  different  ages,  ....  553 
remarks  on  Tiedemann’s  excellent  work  on  the,  . . ib. 

division  of  its  substances  by  Dr  Gordon,  . . . ib. 

pulsation  of,  well  attested,  .....  554< 
theory  of  its  pulsation,  . . . . . ib. 

specific  gravity  of,  1031  in  all  ages,  ....  568 
effects  of  dividing — the  author  contradicted  by  M.  Adelon,  . 571 
various  dimensions  of — Wenzel’s  tables,  . . 601,  605 


Calculus,  its  origin, — M.  Magendie’s  Recherches,  . . . 588 

Campbell,  Dr  W.,  his  experiments  on  the  colour  of  placental  blood,  . 599 

Canal  of  Petit,  Camper’s  theory  of  its  use,  . . . 536 

Capillaries,  oscillatory  impulse  of,  Bichat,  Whytt,  . . . 587 

Capitula  cartilaginum  arytenoidearum,  ....  565 
Carson,  Dr,  his  pneumatic  theory  of  the  circulation,  . . 588 

Cerebelli  crus,  eye  strangely  affected  by  division  of,  . . 569 

Cerebral  surface,  perfection  of  intellect  said  to  be  in  proportion  to,  . 568 
true  surface,  no  relation  to  bulk  or  figure  of  the  cranium,  . ib. 
Chances,  computation  of,  in  favour  of  Phrenology,  . . . 560 

Ciliary  processes  do  not  regulate  the  place  of  the  lens,  . .541 

Circulation,  Dr  Carson’s  pneumatic  theory  of,  . . . 588 

of  fetus,  consequences  of,  . • . . 592 

Cones,  phrenological,  their  dimensions  in  weight  ascertained,  . 561 

Coagulation  of  blood,  heat  evolved  during — Dr  Gordon,  . . 582 

Conjectural  senses?  . . . . . . 544 

Consciousness  of  all  sensation,  resides  in  the  tuber  annulare,  . 568 

Contractility  of  the  puncta  lachrymalia,  ....  535 
of  the  arteries,  arguments  for  and  against,  . . 584 

Cord,  umbilical,  how  inserted  into  the  placenta,  . . .591 

Craniological  table,  unique,  fixing  the  parts  of  the  skull  occupied  by 
the  organs,  . . . . . . . 561 


Davy,  Dr,  his  experimental  results  of  the  specific  heat  of  the  blood, 

575,  582 


Description,  anatomical,  best  effected  by  comparison,  however  made,  536 
Desmoulins,  bis  views  of  the  nervous  system,  . . .567 

his  oath,  . . . . . .570 

Digestion,  saliva  flows  during,  in  a person  fed  by  a tube  in  the  gullet,  571 
Drink,  theory  of,  ......  ib. 

Duct,  secretory,  of  lachrymal  gland,  first  described  by  Dr  Monro  II.  535 
Ductus  arteriosus,  how  obliterated,  . . . . 598 

Duncan,  Dr,  has  renovated  our  knowledge  of  the  structure  of  the  heart,  583 
his  essay  on  diffuse  inflammation,  . • , 584 

Ear,  vibrations  distinguishable  by — Dr  Young,  . . . 542 

Electricity  cannot  be  proved  to  have  a share  in  nervous  action,  . 545 
Elements,  organic,  ......  528 


INDEX  TO  THE  NOTES. 


xli 


Page 

Evolution,  arterial,  Low  transferred  to  first  lateral  arteries,  . . 595 

translated,  . . . . . . ib. 

its  successive  employment  in  development  of 
the  face,  .....  596 
Eye,  minute  dimensions  of,  in  English  measure,  . . . 536 

internal  adaptation  of,  to  distances  disputed,  . . . 539 

strangely  affected  by  division  of  the  crura  cerebelli,  . . 569 

Eyes,  vision  with  two,  less  necessary  than  was  imagined,  . . 54i2 


Fetus,  consequences  of  circulation  of,  . . . . 592 

really  nourished  by  the  maternal  blood,  . . . 598 

Fibres,  muscular,  of  the  uterus,  uncertainty  of  the  course  of,  . 591 

Fleming,  Dr,  growth  of  hair  well  explained  by,  . . . 589 

Fluid,  lachrymal,  source  of,  ....  . 536 

how  impelled  in  the  canals,  . . . ib. 

nervous,  theories  of,  .....  545 

Fluids,  proportion  of,  to  the  solids  in  man,  ....  528 
classification  of,  . • . . . . 532 

life  of,  objections  to,  ....  . 533 

Foramen  ovale,  how  obliterated,  .....  598 
French,  vicious  nationality  of,  . . , . . 529 

Froth  or  foam  of  saliva  explained,  . . . . .571 

Functions,  division  of,  and  which  best,  ....  534 
of  relation,  sleep  best  considered  among,  . . 570 

best  treated  of  in  books  independent  of  arrangement,  . ib. 


Gall  and  Spurzheim,  their  system,  .....  555 
Dr,  singular  notion  of,  regarding  menstruation,  . . 590 

Gland,  lachrymal,  its  use  known  to  the  ancients,  . . . 535 

Monro  II.  first  described  the  secretory  ducts  of,  . ib. 
Glandula  Harderi,  , . . . . . ib. 

Globules  of  the  blood,  their  figure  and  dimensions,  . . . 583 

the  sac  which  forms  them,  . . . ib. 

Gordon,  Dr,  division  of  the  substance  of  the  brain,  . . . 553 

article  upon  articulation,  ....  565 
heat  evolved  during  the  coagulation  of  blood,  . . 582 

Gustatory  nerve,  the  author’s  former  objections  to  its  distribution  in 
the  papillæ,  .......  543 

Hair,  its  growth  well  explained  by  Dr  Fleming,  . . . 589 

Halford,  Sir  H.,  his  disease  of  old  age,  . . . .601 

Haller  erroneously  criticised  by  the  author,  . . . 535 

never  could  find  the  broad  ligament  of  the  palpebrae,  . ib. 

opinion  of  J.  Hunter’s  experiments  against  venous  absorption,  587 
image  on  the  retina  of  albino  animals  previously  seen  by,  . 538 
his  opinion  on  lymphatic  absorption  quite  affirmative,  . 576 

Harderi  glandula,  .......  535 

Flead,  growth  of,  at  different  ages,  ascertained  by  hatters,  . . 652 

external  dimensions  of,  at  different  ages, — Table,  . . ib. 


xlii 


INDEX  TO  THE  NOTES. 


Page 

Hcai’t,  Dr  Duncan  has  renovated  our  knowledge  of  its  structure,  . 583 
instance  of  a difference  among  authors  as  to  the  actual  point 


where  its  pulsation  is  felt,  ....  587 

adult,  why  its  cavities  become  unequal,  . . . 598 

fetal,  why  its  cavities  are  equal,  . . . . ib. 

Heat,  animal,  its  connexion  with  respiration,  . . . 589 

human,  varies  little  in  sleep,  ....  599 

of  the  human  body,  singularly  different  statements  of,  . 575 

Hilaire,  G.  St.  his  theory, — figure  of  8 circulation,  . . 593 

Human  understanding  depends  not  on  organization,  . . 554 

Humour,  aqueous,  membrane  of,  its  existence  doubtful,  . . 536 

Hunter,  J.,  his  division  of  the  tissues,  . • . . 566 

his  experiments  against  venous  absorption,  Haller’s  opi- 
nion of,  .....  . 587 


Elusions,  optical,  their  theory  only  a part  of  the  general  illusion  of 


prejudice,  .......  542 

Image  seen  impicted  on  the  retina,  by  what  authors,  . . 538 

on  the  retina  of  albino  animals,  previously  seen  by  Haller,  . ib. 
Inflammation,  diffuse,  Dr  Duncan’s  essay  upon,  . . . 584 

Intellect,  perfection  of,  said  to  be  in  proportion  to  the  cerebral  surface,  568 

Iris,  muscular  structure  of,  arguments  against,  • . . 537 

third  pair,  its  motor,  .....  569 

Jeffray,  Dr,  bis  theory  and  experiment,  ....  598 


Knox,  Dr,  and  Soemmering,  yellow  spot  of,  . . . 537 

Lachrymal  ghmd,  its  use  known  to  the  ancients,  . . . 535 

fluid,  source  of,  .....  536 

how  impelled  in  the  canals,  . . . ib. 

Lachrymalia  puncta,  contractility  of,  ...  . 535 

Larynx,  authors  on  its  motions  referred  to,  ...  565 


Lens,  proportion  of  its  anterior  to  its  posterior  curvature,  . . 536 

rays  passing  through,  reason  why  they  cross  each  other,  . 538 


place  of,  not  regulated  by  the  ciliary  processes,  . .541 

cannot  be  proved  to  be  muscular — Dr  Young,  . . ib. 

Life  of  fluids,  objection  to,  .....  533 

theories  of,  absurdly  peremptory,  . . . . ib. 

Bichat’s  use  of  the  term,  . , . . 567 

Lungs,  transhalation  of,  and  of  other  tissues,  . . . 582 

Lymphatic  absoi'ption,  discussion  of,  . . . .571 

Lymphatics,  retrograde  motion  of,  ....  574 

Man,  proportion  of  the  fluids  to  the  solids  in,  . . . 528 

M.  Magendie  probably  innocent  of  Mr  Bell’s  charge,  . 551 


Mariette,  his  experiment,  position  of  the  optic  entrance,  . .541 

Marrow,  spinal,  sense  and  motion  transmitted  by  the  surface  merely 
of,  • i • • • • • 


568 


INDEX  TO  THE  NOTES. 


xliii 


Page 

Matter,  organic  and  inorganic,  . , , . , 527 

Membrane  of  aqueous  humour,  existence  doubtful,  . . . .5.^6 

Menstruation,  singular  notion  of  Dr  Gall  regarding,  , . 590 

Mitral  valve,  peculiar  office  of,  . . . . • 583 

Monro  II.  first  described  the  secretory  ducts  of  the  lachrymal  gland,  535 
Motion  and  sense  transmitted  by  the  surface  merely  of  the  spinal 

marrow,  ......  568 

nerves  of,  nerves  of  sense  five  or  six  times  as  large,  . . 570 

muscular,  its  study  tires  by  its  extreme  uniformity,  . . ib. 

Motor  of  Iris,  third  pair,  ......  569 

Muscles,  change  of  volume  in,  while  contracting,  exposed,  . . 564 

Nerve,  optic,  origin  of,  true,  in  what  authors,  . . .538 

gustatory,  the  author’s  former  objections  to  its  distribution  in 
the  papillæ,  ......  543 

Nerves  of  sense  five  or  six  times  as  large  as  nerves  of  motion,  . 570 
Mr  C.  Bell’s  natural  system  of,  . . . 546  to  552 

Nervous  system,  are  sensible  impressions  really  transmitted  by  it?  . 544 
fluid,  theories  of,  . . . . . . 545 

Note  on  pulmonary  transhalation  referred  to,  . . . 583 

Nutrition  of  white  tissues,  original  text,  ....  589 

Oily  matter  in  the  blood — Dr  Traill  of  Liverpool,  . . . 582 

Optic  nerve,  origin  of,  true  in  what  authors,  . . . 538 

entrance,  position  of,  Mariotte’s  experiment,  . . .541 

Oxygen,  discovery  of  its  influence  on  respiration,  . . . 582 


Palpebræ,  broad  ligament  of,  could  never  be  found  by  Haller,  . 535 
Papillæ,  the  author’s  former  objections  to  the  distribution  of  the  gus- 
tatory nerve  in,  ......  543 

Petit,  canal  o^  Camper’s  theory  of  its  use,  ....  536 

Phrenological  prediction,  chiefly  favoured  by  the  laws  of  chance,  . 560 
Phrenologists  now  appeal  to  facts,  i,  e.  to  phrénologie  observation 

merely,  ......  559 

place  all  the  finer  qualities  on  the  forehead,  . . ib. 

assisted  by  the  vanity  of  mankind,  . . . 560 

all  their  favourable  cases,  published,  more  than  account- 
ed for  by  the  laws  of  chance,  . . . ib. 

unanswerably  refuted  by  the  true  theory  of  the  frontal 
sinus,  ....  555-6,  601-5 

Phrenology,  Mr  Stone’s  experiments  eversive  of,  . . . 557 

Annotator’s  experience  entirely  unfavourable  to,  . 556 

thirty  years  in  the  world  without  scientific  proselytes,  . 559 
easy  mode  of  ascertaining,  proposed  by  Annotator,  . ib. 


computation  of  chances  in  favour  of,  . . . 560 

Picromel  found  in  human  bile  by  Berzelius,  . . . 589 

Placenta,  how  the  umbilical  cord  is  inserted  into,  • . . 591 

Principles,  proximate,  Thenard’s  Chemistry,  . . , 532 


xliv 


INDEX  TO  THE  NOTES. 


Processes,  ciliary,  do  not  regulate  the  place  of  the  lens. 
Properties,  secondary,  of  substances,  . . . 

Proportion  of  the  fluids  to  the  solids  in  man. 

Pulmonary  transhalation,  note  on,  referred  to, 

Pulsation  of  the  brain  well  attested,  . . 

theory  of,  ..... 

Puncta  lachrymalia,  contractility  of,  ... 

Pyramids,  phrenological,  their  dimensions  in  weight  ascertained, 
Pythagoras,  his  septennial  periods, 

Racornissement  explained,  .... 

Pays  passing  through  a lens,  reason  why  they  cross  each  other, 
Respiration,  first,  not  produced  by  contact  of  cold  air, 
retrospective  view  of,  . 
discovery  of  the  action  of  oxygen  in,  . 
connexion  of  animal  heat  with, 

Retina  in  man  devoid  of  sense,  .... 
Ribs,  the  first,  not  the  most  mobile  in  any  proper  sense, 
lower,  a paralogism  of  the  author  regarding  these. 

Right  arm  preferred,  from  translated  evolution. 


Page 

. 541 
. 527 
. 528 
. 583 
. 554 
. ib. 
. 535 
, 561 
. 593 

. 532 
. 538 
. 544 
. 578 
. 582 
. 589 
. 569 
. 577 
. 582 
. 596 

Sac  which  forms  the  blood-globules,  ....  583 

Saliva  flows  during  digestion  in  a person  fed  by  a tube  in  the  gullet,  571 
its  froth  or  foam  explained,  . . . . . ib. 

Seci'etion,  several  theories  regarding  it,  . . . . 588 

Semilunar  valves,  figure  of,  .....  577 

Sensation,  consciousness  of  all,  resides  in  the  tuber  annulare,  . 569 

Sense  and  motion  transmitted  by  the  surface  merely  of  the  spinal 
marrow,  . . . . . . • ib. 

Senses,  conjectural,  ......  544 

Septennial  periods,  ......  593 

Skin,  heat  of,  ......  . 543 

Sleep,  human  heat  varies  little  in,  . . . . . 599 

walking,  . . . . . . . ib. 

theory  of,  . . . . . . . ib. 

best  considered  among  the  functions  of  relation,  . . 570 

Solids  in  man,  proportion  of  the  fluids  to,  . . , . 528 

Sound,  its  velocity,  most  exact  estimates  of,  ...  542 

Spermatic  animalcules,  paralogism  respecting  them,  . . 594 

Spurzheim  and  Gall,  their  system,  .....  555 

Stone,  Mr,  his  experiments  eversive  of  phrenology,  . . 557 

Substances,  secondary  properties  of,  ...  . 527 

Superfetation,  case  of,  referred  to,  . . . . . 599 

Sympathy,  explanation  of  the  term  and  its  varieties,  . • 566 

System,  nervous,  are  sensible  impressions  really  transmitted  by  it  ? . 544 
Desmoulins’  views  of,  . . • .567 

Table,  cianiolegical,  unique,  fixing  the  parts  of  the  skull  occupied  by 
the  organs,  . , . . . . .561 


INDEX  TO  THE  NOTES, 


xlv 


Page 

Teeth,  chemical  composition  of,  . . . I .571 

Temperature,  sensible  medium,  .....  543 

Thyreo-ai-ytenoid  muscle,  conjectural  reading  with  respect  to,  . 565 
Tiedemann,  his  excellent  work  on  the  brain,  remark  on,  . . 553 

his  experiments,  .....  598 

Tissues,  J.  Hünter’s  system  of,  . . . . . 566 

white,  nutrition  of,  original  text,  ....  589 

Traill,  Dr,  of  Liverpool,  oily  matter  in  the  blood,  . . . 582 

Transhalation  of  lungs  and  of  other  tissues,  . . . ib. 

pulmonary,  note  on,  referred  to,  . . . ib. 

Translated  evolution,  ......  595 

Tuber  annulare,  consciousness  of  all  sensation  resides  in,  . . 568 

Umbilical  cord,  how  inserted  into  the  placenta,  . . .591 

Understanding,  human,  depends  not  on  organization,  . . 554 

Urachus,  what,  .......  592 

Uterus,  muscularity  of,  asserted  by  Mr  C.  Bell,  . . . 590 

uncertainty  of  the  course  of  its  muscular  fibres,  . ,591 

Valve,  mitral,  peculiar  oflBce  of,  . . . , . 583 

sigmoid,  true  figure  of,  . * . . . 577 

Vegetables,  distinction  of  animals  from,  ....  528 

Ventriloquism,  true  theory  of,  ....  . 566 

Vestigium,  what,  .......  543 

Vibrations  distinguishable  by  the  ear^ — Dr  Young,  . . . 542 

supposed  to  transmit  impressions  upon  the  nefves,  . 545 

Vibrissæ,  what,  .......  543 

Vision  with  two  eyes  less  necessary  than  was  imagined,  . .542 

Voice,  curious  case  of  its  being  lost  by  an  attempt  at  suicide,  . 565 

Volatile  vapours,  effect  of  being  absorbed,  ....  584 

Vomiting,  how  repressed  in  animals,  ....  568 

White,  Dr,  bleeds  his  patients  according  to  their  weight,  . . 587 

Young,  Dr,  on  vibrations  distinguishable  by  the  ear,  . 542 


( xlvi  ) 


INDEX  TO  TABULAR  VIEWS  ADDED  TO  THE 
PRESENT  WORK. 


Page 

I.  Table  of  tissues,  . . . . . .531 

II.  Table  of  dimensions  of  the  eye,  ....  536 

III.  Table  of  mean  diameters  of  the  head,  . . . 552 

IV.  Table  of  the  weight  of  the  brain  at  different  ages,  . . 553 

V.  Table  of  the  XXXIII  craniological  faculties,  . . 561 

VI.  Table  of  classification  of  the  sympathies,  . . . 566 

VII.  Table  of  the  forces  efiPecting  natural  respiration,  . . 579 

VIII.  Table  of  the  forces  employed  in  vehement  respiration,  . ib. 

IX.  Table  of  the  contents  of  expired  and  inspired  air,  . .581 

X.  Table  of  arguments  regarding  the  contractility  of  arteries,  . 584» 

XI.  Table  of  the  theories  of  secretion,  ....  588 

XII.  Table  of  the  natural  system  of  the  nerves,  . . . 549 

XIII.  Tables  of  the  dimensions  of  the  brain  and  its  parts,  . 601,  605 

XIV.  Table  of  the  tissues  and  fluids,  their  names,  division,  situa- 

tions, characters,  and  chemical  composition,  . 613  to  622 

XV.  Table  of  the  animal  kingdom  (by  Desmoulins),  . . 623 

XVI.  Table  of  the  class  vertebrata  (same),  . . . 624 

XVII.  Table  of  the  fetiparous  mammalia  (same),  . . . 625 

XVIII.  Table  of  the  original  tribes  of  the  human  race  (same),  . 626 
XIX.  Table  of  contents,  .....  625 


( xlvii  ) 


PLATES. 


Plate  I.  View  of  the  circulation,  as  seen  by  the  microscope  in  the  tail  of  the 
Gobius  niger,  or  Miller’s  Thumb.  The  points  of  the  arrows,  in  the  vessel 
marked  artery,  demonstrate  the  course  pursued  by  the  globules.  They  are 
seen  urging  each  other  onwards  to  its  extreme  branches,  and  then  returning 
back  in  the  direction  by  which  they  came,  by  the  small  branches  of  the  vein 
so  marked. 

Plate  II.  Exhibits  a beautiful  view  of  the  circulation,  as  observed  in  the  trans- 
parent lung  of  the  salamander,  which,  like  the  frog,  lizard,  serpent,  and 
other  cold-blooded  animals,  having  its  bloodvessels  and  other  tissues  ex- 
tremely humid  and  transparent,  easily  allows  the  course  and  form  of  the 
blood-globules  to  be  observed.  The  transverse  arrows  mark  the  direction  of 
the  blood  in  the  pulmonary  artery  ; the  perpendicular  arrows  indicate  the 
course  of  that  portion  of  the  stream  which,  at  every  short  interval,  turns 
aside  into  some  vein,  as  titled  at  the  bottom. 

Below,  in  the  same  plate,  are  exhibited  the  figures  and  appearance  of  the 
blood-globules  of  man,  and  of  the  frog,  under  different  magnifying,  powers. 
Both  plates  will  be  best  illustrated  by  reading  the  text  and  notes  at 
403-U09. 

Plate  III.  Views  of  the  spinal  chord  : 1,  2,  3,  taken  from  Mr  Charles  Bell’s 
“ Nervous  System,”  and  4,  5,  figures  from  Mr  Herb.  Mayo’s  work  on  the 
Brain,  Plate  I.,  illustrating  the  separation  of  the  three  primitive  colunuis, 
and  the  decussation  of  the  fibres  of  the  pyramidal  column. 

No.  1.  Scheme  of  the  origin  and  distribution  of  three  systems  of  nerves. 
Motor,  RespiratorV,  and  Sensitive.  Copied  from  Mr  Bell’s  “ Expo- 
sition of  the  Nervous  System.” 

No.  2.  Continuation  of  the  Pyramidal,  Olivary,  and  Bestiform  Bo- 
dies into  the  spinal  columns. 

No.  3.  Origin  of  spinal  nerves. 

N 0.  4.  Decussation  of  the  pyramidal  fasciculi. 

No.  5.  Splitting  of  the  spinal  chord  into  three  separate  bundles,  on  each 
side,  according  to  the  manipulation  of  Reil  and  Mayo. — See  Mayo, 
Plate  I. 

Plate  IV.  Circulation  of  the  Fetus.  View  of  the  circulation  “ in  a child  bora 
at  the  full  time.  To  the  real  size  of  the  vessels  (injected  with  glue)  in  the 
subject  of  this  figure,  particular  attention  was  paid.” — Fyfe,  Syst.  Anat. 
vol.  ii.  p.  209,  210 The  arrows  mark  the  course  of  the  blood  in  the  differ- 

ent vessels. 

D,  E,  The  liver  dissected  and  turned  over  to  the  right  side,  and  cut  away 
so  deep  as  to  show  the  veins  which  enter  it,  or  pass  out  : F,  the  gall- 
bladder, with  the  trunks  of  the  biliary  ducts  : H,  part  of  the  right  kidney  : 

M,  the  urachus  : N,  O,  P,  the  heart  drawn  over  to  the  right  side  ; N,  the 

right  ventricle  ; O,  the  left  auricle  ; P,  the  left  ventricle  : Q,  the  left 

branch  of  the  pulmonary  artery  ; R,  R,  the  corresponding  veins,  with  their 
termination  in  the  left  auricle  : T,  the  arch  of  the  aorta,  with  the  three 

great  arteries  sent  off  from  it  ; U,  the  ductus  arteriosus,  passing  from  the 
trunk  of  the  pulmonary  artery  into  the  beginning  of  the  descending  aorta  : 
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V,  continuation  of  the  aorta,  below  its  junction  with  the  ductus  arteriosus  : 
a,  a,  the  two  common  iliac  arteries  ; h,  the  external  iliac  artery  of  the  left 
side  : c,  root  of  left  internal  iliac  : d,  d,  the  two  umbilical  arteries  running 
along  the  sides  of  the  bladder  : /,  f,  the  vena  cava  inferior  ; g,  the  vena 
portse  : A,  h,  the  right  and  left  branches  of  the  vena  portae  : i,  i,  i,  the 

venae  cavæ  hepaticæ  : k,  the  collapsed  umbilical  cord  : I,  the  umbilical 

vein  : m,  the  umbilical  vein  sending  branches  to  both  lobes  of  the  liver,  but 
chiedy  to  the  left  : n,  the  trunk  common  to  the  umbilical  vein  and  left 

branch  of  the  vena  portae  : o,  the  ductus  veriosus  : p,  its  termination, 

along  with  the  left  vena  hepatica,  in  the  vena  cava,  where  that  great  vein  is 
about  to  perforate  the  diaphragm. 

The  following  are  the  dimensions  or  areas  of  these  vessels,  taken  iri  hun- 
dredth parts  of  an  inch,  as  assigned  by  Haller,  vol.  viii.  p.  373 — 394. 

Area  of  ascending  cava,  1681.  Descending  cava,  1269.  Foramen  ovale,  400. 
Pulmonary  artery,  1821.  Ductus  arteriosus,  841.  Sum  of  pulmonary  branch^, 
781.  Aorta  above  confluence,  425.  Aorta  below  confluence,  1077.  Hypogas- 
tric arteries  more  than  half  the  aorta.  Umbilical  vein  the  same.  Ductus 
venosus  = }th  of  umbilical  vein  ; and  |ths  of  it  circulate  through  the  liver. 
It  is  to  the  vena  portse  as  2 to  1,  and  contributes  |ds  of  the  whole  blood  of 
the  liver. — Vol.  viii.  p.  16.  The  aorta,  after  receiving  the  ductus  arteriosus, 
is  to  its  origin  at  the  ventricle,  as  43  to  39.  The  ductus  arteriosus  is  conical, 
measuring  across,  for  instance,  *43  at  the  heart,  and  '36  at  the  aorta.  The 
three  great  arteries,  the  innominata,  the  left  carotid,  and  subclavian,  carry 
off  more  than  half  the  blood  of  the  arch  of  the  aorta. 

For  account  of  Fetal  Circulation,  see  note  to  page  511. 
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page  408,  1.  17,  /or  0’65666  read  O‘OO06O 

1.37,  /or  0-8813  read  0-0813 

537,  1.  30,  for  greatly  read  gently 
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PHYSIOLOGY. 


General  Physiology  is  that  branch  of  natural  science  which 
has  for  its  object  the  knowledge  of  the  phenomena  proper  to  living 
bodies.  It  is  divided  into  Vegetable  Physiology,  which  is  em- 
ployed in  the  consideration  of  vegetables  ; into  Animal,  or  Com- 
parative Physiology,  which  treats  of  animals  ; and  into  Human 
Physiology,  of  which  the  special  object  is  Man.  It  is  of  this  last 
that  we  propose  to  treat  in  the  following  work. 


PRELIMINARY  OBSERVATIONS. 

OF  BODIES  AND  THEIR  DIVISION. 

Whatever  is  capable  of  acting  on  our  senses  we  denominate  of  bodies  and 

7 , their  division . 

body. 

Bodies  are  divided  into  Ponderable  and  Imponderable.  The  Ponderable 
first  are  those  which  may  act  upon  several  of  our  senses,  and  of 
which  the  existence  is  sufficiently  established  ; of  this  kind  are 
solids,  fluids,  and  gases. 

The  second  are  those  which,  in  general,  act  only  on  one  of  our  imponderable 
senses,  whose  existence  is  by  no  means  demonstrated,  and  which, 
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General  pro- 
perties of 
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State  of  bo- 
dies. 

Changes  of 
state. 
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Simple  bo- 
dies. 


Conipotmd 

bodies. 


perhaps,  are  ouly  forces,  or  a modification  of  other  bodies  ; such 
are  caloric,  light,  the  electric  and  magnetic  fluids. 

Ponderable  bodies  are  endowed  with  common  or  general  pro- 
perties, and  likewise  with  particular  or  secondary  pi  operties. 

The  general  properties  of  bodies  are, — extent,  divisibility,  im- 
penetrability, mobility,  inertness,  weight.  Some  natural  philoso- 
phers reduce  the  general  properties  of  substances  to  extent  and 
impenetrability. 

A ponderable  body,  of  whatever  kind,  always  presents  these 
four  properties  combined. 

Secondary  properties  are  variously  distributed  amongst  diflPerent 
bodies  ; as  hardness,  porosity,  elasticity,  fluidity,  &c.  They  con- 
stitute, by  their  combination  with  the  general  properties,  the  con- 
dition, or  state  of  bodies.  It  is  by  gaining  or  losing  some  of  these 
secondary  properties  that  bodies  change  their  state  : for  instance, 
water  may  appear  under  the  form  of  ice,  of  a fluid,  or  of  vapour, 
although  it  is  always  the  same  body.  To  present  itself  succes- 
sively under  these  three  states,  nothing  more  is  necessary  than  the 
addition  or  abstraction  of  some  of  its  secondary  qualities.  ® 

Bodies  are  simple,  or  compound.  Simple  bodies  are  rarely  met 
with  in  nature  ; they  are  almost  always  the'  product  of  art,  and  we 
even  name  them  simple,  only  because  art  has  not  arrived  at  their 
decomposition.  At  present,  the  bodies  regarded  as  simple  are 
the  following  : — Oxygen,  chlorine,  iodine,  fluorine,  brome,  sulphur, 
hydrogen,  boracium,  carbon,  phosphorus,  azote,  silicium,  selenium, 
zirconium,  aluminum,  yttrium,  glucinum,  cadmium,  thorinum,  li- 
thium, magnesium,  calcium,  strontium,  barium,  sodium,  potassium, 
manganese,  zinc,  iron,  tin,  arsenic,  molybdenum,  chromium,  tung- 
sten, columbium,  antimony,  uranium,  cerium,  cobalt,  titanium, 
bismuth,  copper,  tellurium,  nickel,  lead,  mercury,  osmium,  silver, 
rhodium,  palladium,  gold,  platinum,  iridium. 

Compound  bodies  occur  every  where  ; they  form  the  mass  of 
the  globe  ; and  that  of  all  the  beings  which  are  seen  on  its  sur- 
face. Certain  bodies  have  a constant  composition  ; that  is  to  say, 
a composition  that  never  is  changed,  at  least  from  accidental  cir- 
cumstances ; there  are,  on  the  contrary,  bodies  whose  composition 
becomes  changed  at  every  instant. 

This  diversity  of  bodies  is  extremely  important  ; it  divides  them 
naturally  into  two  classes  ; bodies,  whose  composition  is  constant, 
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are  named  crude,  brute,  or  gross,  inert,  inorganic  ; but  those  of 
which  the  elements  continually  vary,  are  called  living  organized  bo- 
dies. “ 

Brute,  and  organized  bodies,  differ  from  each  other  in  respect, 
1st,  of  form  ; 2d,  of  composition  ; 3cf,  of  the  laws  which  regulate 
their  changes  of  state.  The  following  table  presents  the  differences 
which  are  best  marked.  They  seem  called  for  in  an  elementary 
work,  almost  solely  by  the  practice  of  the  schools. 


TABLE  I. 

DIFFERENCES  BETWEEN  INORGANIC  AND  LIVING  BODIES. 

1.  Form. 


Inorganic  ( Angular  Form.  Living  f Rounded  Form.  Differences  of 

Bodies.  1 Indeterminate  Volume.  Bodies.  1 Determinate  Volume,  jporganic  and 

' ' living  bodies. 


2.  Composition. 


Inorganic 

Bodies. 


Sometimes  simple. 

Seldom  of  more  than 
,3  elements. 

Constant. 

Each  part  capable  of 
existing  independent 
of  the  others. 

Capable  of  being  de- 
composed. 


Living 
Bodies.  ' 


Never  simple. 

At  least  4 elements,  of- 
ten 8 or  10. 

Variable. 

Each  part  more  or  less 
depending  on  the 
whole. 

Capable  of  decomposi- 
tion, but  totally  inca- 
pable of  recomposi- 
tion. 


3.  Regulating  Laws. 


Entirely  subject  to 
attraction  and  che- 
mical affinity. 


Living  J 
Bodies,  y 


In  pai-t  subject  to  at- 
traction and  chemical 
affinity  : but  present- 
ing phenomena  rela- 
ted to  neither. 


Of  these  various  differential-ehaiacters,  many  are  subject  to  ex- 
ceptions, and  others  will  soon,  perhaps,  become  doubtful.  Thus 
it  is  said,  “ that  living  bodies  can  easily  be  decomposed,  but  not 
reconstructed  yet  chemistry  has  lately  succeeded  in  producing 
principles,  which  only  occur  in  organized  bodies,  and  it  is  possible, 
that,  in  this  way,  more  may  yet  be  performed. 

Living  bodies  are  divided  into  two  classes,  one  of  which  com- 
prehends the  other  Animals. 

A 2 
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TABLE  II. a 


DIFFERENCES  BETWEEN  VEGETABLES  AND  ANIMALS. 


F egetables, 

Differences  Are  fixed  to  the  ground, 
tablerand^®^'  H^ve  carbon  for  the  principal  base 
animals.  of  their  composition. 

Composed  of  four  or  five  elements. 

rind  and  assume  in  their  vicinity 
their  nourishment  in  a state  of 
preparation. 


Animals, 

IMove  on  the  surface  of  the  ground. 

Have  azote  for  the  base  of  their 
composition. 

Often  composed  of  eight  or  ten  ele- 
ments. 

Must  act  on  them  aliments,  in  or- 
der to  render  them  fit  for  nou- 
rishment. 


Animals  are  extremely  numerous  and  diversified.  The  im- 
mense differences  which  they  present,  afford  the  basis  of  classifica- 
tion. (Tables  I.  and  II.) 

This  arrangement  of  animals  is  entirely  founded  on  these  super- 
ficial forms  and  characters.  When  their  functions  and  physiologi- 
cal phenomena  ai-e  better  known,  it  will  probably  be  subjected  to 
many  important  modifications. 

As  it  stands  at  present,  Man  forms  a member  of  the  class  of 
Mammalia  ; a class  which  comprises  a great  many  subdivisions, 
each  including  so  many  distinct  animals. 

Man,  therefore,  in  zoological  language,  is  a mammiferous  ani- 
mal : he  presents  all  their  characters,  but  is  distinguished  from  the 
individuals  of  that  class,  by  strongly  marked  properties  ; especially 
by  the  qualities  of  his  understanding,  and  tlie  superiority  of  his  in- 
stincts. 

Yet  even  in  these  respects,  there  exist  great  differences  between 
individuals  ; and  are  sometimes  to  be  remarked  between  the  dif- 
ferent varieties  of  the  human  species  ; and  often  amongst  the  indi- 
vidual members  of  each  variety.  Races  of  men  are  met  with,  dif- 
fering but  little  from  the  inferior  animals.  (See  IV.  Zoological 
Table,  at  the  end  of  the  volume.) 

It  is  with  that  variety  to  which  we  of  Europe  more  especially 
belong,  that  Physiology  has  hitherto  been  chiefly  engaged.  Were 
she  to  consider  Man  in  the  abstract,  without  relation  to  single  va- 
rieties, science  might  perhaps  be  a gaiper  ; but  this  undertaking  it 
would  still  be  difficult  to  attempt. 
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STRUCTURE  OK  THE  HUMAN  BODY. 

If  we  would  learn  the  phenomena  presented  by  the  living  man^ 
we  must  first  receive  some  notion  of  the  manner  in  which  it  is 
constructed,  and  acquire  certain  data  respecting  the  materials  of 
which  it  is  composed- 

Now  the  slightest  examination  demonstrates  that  the  body  of 
every  niammiferous  animal,  and  consequently  of  man,  is  constitu- 
ted of  fluids  and  solids.  But  the  proportion  of  fluids  far  exceeds 
that  of  the  solids.  If  an  animal  weighing  120  pounds  is  exposed 
to  causes  which  separate  its  fluids,  its  weight  may  be  reduced,  by 
simple  desiccation,  to  ten  pounds.^  At  the  commencement  of  its 
existence,  the  animal  is  entirely  constituted  of  fluid. 

In  the  living,  and  recently  developed  animal,  the  fluids  are,  in 
general,  in  a state  of  cornbination,  simply  imbibed  by  the  solid 
parts,  of  which  they  determine  the  volume,  form,  and  in  many  in- 
stances, the  physical  properties.  Another  part  of  the  fluids  is  con- 
tained either  in  tubes  along  which  they  move,  or  in  cavities  of  dif- 
ferent capacity. 

We  have  at  present  but  an  imperfect  knowledge  of  the  nature 
of  that  union  which  takes  place  between  fluids  and  solids  in  animal 
bodies,  but  the  rapid  progress  of  organic  chemistry  may  yet  teach 
us  something  of  its  laws. 

SOLIDS  OK  THE  HUMAN  BODY. 

The  solid  parts  of  the  body  of  man  affect  a variety  of  forms.  Human  so- 
Such  are  the  solids  which  compose  the  organs,  the  tissues,  the 
parenchymata,  or  substances  of  organs  : and  their  mechanical  ana- 
lysis demonstrates  that  they  may  be  reduced  into  minute  fibres, 
lamellae,  or  particles.  Viewed  under  the  microscope,  they  pre- 
sent assemblages  of  minute  molecules,  of  which  the  dimensions  are 
estimated  at  about  the  inch,  ^'hese  molecules  strongly 

resemble  those  presented  by  several  fluids*. 

* The  ancients  believed  that  all  the  organic  solids  might  be  reduced  by 
ultimate  analysis  to  simple  fibres,  which  they  supposed  were  formed  of  earth, 
oil,  and  iron.  Haller,  who  admitted  this  idea  of  the  ancients,  owns  that  this 
fibre  is  visible  only  to  the  eye  of  the  mind.  This  is  just  the  same  as  if  he 
had  said  that  it  does  not  exist  at  all,  of  which  nobody  at  present  doubts. 

Invisibilis  ea  fibra  : — sola  mentis  acie  attingimus.  El.  Phys.  I.  7. 

The  ancients  also  admitted  secondary  fibres,  which  they  stipposcd  to  be 
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If  the  progress  of  physiology  had  been  directed  by  reason  alone, 
the  first  thing  would  have  been  to  ascertain  precisely  the  physical 
and  chemical  properties  of  the  tissues  and  fluids  which  compose 
our  bodies  : and  this  knowledge  once  acquired,  the  task  of  distin- 
guishing and  studying  the  properties  superadded  to  these  by  the 
vital  principle,  must  have  become  comparatively  easy.  Such, 
however,  has  not  been  the  course  pursued  : natural  philosophy  and 
chemistry  are  still  but  too  little  familiar  with  the  cultivators  of 
physiology,  and  many  injurious  prejudices  still  hold  their  place, 
from  this  cause,  among  the  first  principles  of  the  science. 

It  is  to  Bichât  we  owe  our  first  thanks  for  an  important  attempt 
of  this  kind.  ® Improving  upon  the  happy  idea  of  our  venerable 
Pinel,  respecting  the  systematic  distinction  of  the  elementary  so- 
lids of  the  animal  economy,  he  laid  the  foundation  of  General  Ana- 
tomy, and  investigated  the  physical  and  chemical  properties  of 
the  organs  and  their  elements.  Unfortunately,  at  the  time  he 
wrote,  it  was  only  possible  to  collect  superficial,  or  very  inadequate 
information  : so  that,  in  this  respect,  the  science  demands  a 
thorough  renovation.  Thus  the  following  table,  notwithstanding 
its  improvement  since  the  time  of  Bichât,  can  only  be  considered 
as  an  imperfect,  provisional  approximation. 


].  Cellular,  

( Arterial. 

2.  Vascular, ■<  Venous. 

( Lymphatic- 

„ • f Cerebral. 

3-  Nervous, tGangUac. 

4.  Osseous, 

( Fibrous. 

5.  Fibrous,  s Fibro-Cartilaginous. 

Dermoid. 

6-  Mu^l» 

7.  Erectile, 

8.  Mucous, 

9.  Serous,  

10.  Horny  or  Epidermic,...  { Epidermoid.  ' 

11.  Parenchymatous,  Glandular. 


System. 


formed  by  particular  modifications  of  the  simple  fibre.  Thence  the  nervous, 
muscular,  parenchymatous,  osseous  fibre. 

Professor  Chaussier  has  lately  proposed  to  admit  four  sorts  of  fibres, 
which  he  calls  luminar;/,  nerval,  muscular,  and  albiiginous. 


COMPENDIUM  OF  PHYSIOLOGY. 


7 


Ihese  systems,  associated  with  each  other  and  with  the  fluids,  organs  and 

- apparatus. 

compose  the  organs,  or  instruments  of  life.  When  many  organs 
tend  by  their  action  towards  a common  action,  end,  or  purpose,  we 
name  them,  collectively  considered,  an  apparatus.  The  number 
of  apparatuses,  and  their  disposition,  constitute  the  differences  of 
animals. 

Physical  properties  of  Organs. 

Examination  evinces,  that  our  organs  possess  most  of  the  phy-  physical  pro- 
sical  properties  exhibited  by  inorganic  bodies:  various  degrees  ofgans!,^*°  ™ 
liardness,  from  that  of  flint  to  distinct  softness,  elasticity,  transpa. 
rency,  refraction,  colour,  form,  &c.  all  claim  the  highest  conse- 
quence during  life  ; and  this  again  depends  chiefly  on  their  inte- 
grity. 

Considered  under  the  same  view,  the  body  of  man  presents  se- 
veral structures,  which  strongly  indicate  the  necessity  of  physical 
knowledge  to  the  study  of  life.  We  discover  a true  lens,  abun- 
dantly complicated  in  its  construction  ; a musical  instrument  ; an 
acoustic  apparatus  ; a hydraulic  machine  most  ingeniously  contrived 
to  propel  its  fluid  in  a circular  direction  ; a general  mechanism,  in 
fine,  equally  admirable  for  the  multiplicity  of  the  parts  which  com- 
pose it,  for  its  solidity,  and  for  the  movements  which  it  exe- 
cutes. 

Amongst  the  physical  properties  of  organized  tissues,  there  are 
some  which  demand  our  special  attention  as  being  common  to  all, 
in  continual  operation  during  life,  and  presiding  over  several  im- 
portant functions.  These  it  is  the  more  necessary  to  mark  out  for 
the  study  of  ingenious  youth,  as  they  have  been  called  in  question 
by  the  greater  number  of  existing  physiologists. 

Of  these  perhaps  the  most  remarkable  is  the  property  of  Im-  imbibition, 

, . ...  . . . . , . , property  com- 

bibition,  which  exists  in  all  the  tissues  of  the  animal  economy,  mon  to  ail  li- 

T • 1 , , • ■ 1 ving  tissues. 

Let  any  liquid  whatever  be  put  in  contact  with  an  organ,  a mem- 
brane, a tissue  ; in  a longer  or  shorter  interval,  the  liquid  will  be 
found  to  have  passed  into  the  areolae,  or  cavities  of  that  organ  or 
tissue,  just  as  it  would  have  passed  into  the  cells  of  a sponge. 
Variations,  no  doubt,  according  to  the  nature  of  the  liquid,  its  tem- 
perature, the  species  of  tissue  which  imbibes  it,  will  take  place, 
but  in  every  instance  imbibition  will  ensue.  In  this  respect  there 
exist  tissues  which  are  true  sponges,  and  which  absoi'b  with  great 
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Permeability 
to  gases. 


Influence  of 
water  upon 
physical  pro- 
perties of  or- 
gans. 


Chemical  pro- 
perties of  or- 
gans. 


promptitude  ; such  are  serous  membranes  and  small  vessels  ; and 
others,  which  resist  for  some  time,  before  they  admit  of  penetra- 
tion, for  example,  the  epidermis.  It  is  still  the  same  imbibition, 
whether  a foreign  liquid  enter  the  body  by  penetration,  or  a liquid 
proper  to  the  latter  is  expelled  from  it  by  transudation. 

Another  property,  to  which  physiologists  have  paid  little  atten- 
tion, relates  to  the  membranes.  The  plates  which  compose  these 
are  disposed  in  such  a manner,  that  they  are  traversed  by  dense 
fluids  almost  without  obstacle.  If  a bladder  be  filled  with  pure 
hydrogen,  and  left  in  contact  with  the  atmosphere,  at  the  end  of  a 
short  time  the  hydrogen  shall  have  lost  its  purity,  and  be  found 
mixed  with  atmospheric  air,  which  has  penetrated  into  the  cavities 
of  the  bladder.  This  phenomenon  is  the  more  rapid,  the  thinner 
and  more  rare  the  membrane  penetrated.  It  presides  over  one  of  the 
most  important  actions  of  life, — respiration  ; and  continues  after 
death. 

We  owe  to  Mr  Chevreul  the  knowledge  of  a very  important 
fact  : that  several  of  our  tissues  derive  their  physical  properties 
from  the  water  which  they  retain  ; in  other  words,  from  their  wa- 
ter of  imbibition.  If  that  water  is  withdrawn  from  them,  they 
change  their  natures,  and  become  inadequate  to  the  functions  which 
they  fulfil  during  life.  They  recover  immediately  their  properties, 
from  the  moment  they  have  been  immersed  in  and  sufficiently  pe- 
netrated by  water.  They  may  thus  be  made  to  lose  and  regain 
their  physical  properties  for  a great  many  times. 

What  are  the  relations  of  our  tissues  to  magnetism,  electricity, 
caloric  ? Are  they  good  or  bad  conductors  of  these  principles,  and 
in  what  degree  ? How  are  these  substances  disposed  of  in  our 
parenchymata,  or  solids  ? These  questions  remain  still  to  be  re- 
solved, and  merit  the  attention  of  the  scientific  physiologist. 

Chemical  properties  of  Organs. 

If  we  consider  our  body  with  respect  to  its  chemical  composi- 
tion, we  must  remark  that  it  is  formed  of  compounds  similar  to 
those  of  inorganic  nature,  and  also  of  compounds  which  are  only 
met  with  in  organized  bodies. 

The  former  are,  water,  carbonic  acid,  chloride  of  sodium,  of  po- 
tassium, calcium,  &c.  These  compounds  do  not  sensibly  differ 
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from  what  ai-e  presented  by  the  organic  world.  But  the  great 
bulk  of  our  organs  is  constituted  by  compounds  proper  to  the 
state  of  life,  and  hitherto  only  seem  formed  under  its  influence. 
Such  are  the  animal  proximate  principles,  of  which  the  number 
is  now  so  considerable,  and  may  yet  go  on  to  increase  as  science 
advances. 

Under  the  same  point  of  view,  the  body  of  man  is  still  a very 
remarkable  object  : its  digestive  organs  present  a true  chemical 
apparatus,  wherein  nothing  has  been  neglected  that  could  complete 
the  operation  which  it  performs.  Its  lungs  exhibit  an  admirable 
contrivance  for  combustion,  where,  by  a single  artifice,  tKe  air  is 
made  to  act  upon  the  blood,  apparently  without  these  two  fluids 
being  brought  into  immediate  contact  : its  kidneys  maintain  a con- 
tinual composition  and  decomposition  of  fluids.  How  can  au- 
thors, who  remain  systematically  ignorant  of  chemical  science, 
permit  themselves  even  to  speak  of  these  various  phenomena  ! 

Elements  which  enter  into  the  composition  of  the  bodies  of 
Animals. 

Seventeen  simple  bodies  or  elements  have  alone  the  singular  pro- 
perty of  being  able  to  enter  into  the  composition  of  animals.  The 
other  elements,  in  certain  circumstances,  may  indeed  traverse  the 
animal  organization,  but  they  never  stop  there  ; or,  if  detained, 
become  instantly  a source  of  irritation. 

Solid  Elements. 

Phosphorus,  sulphur,  carbon,  iron,  manganese,  silicium,  magne- 
sium, calcium,  aluminum,  potassium,  sodium,  iodine,  chlorine,  fluo- 
rine, oxygen,  hydrogen,  azote. 

Incorf  nable  Elements. 

Caloric,  light  ; the  electric,  magnetic  fluids. 

These  diflerent  elements,  combined  together  three  and  three, 
four  and  four,  &c.  according  to  laws  still  little  understood,  consti- 
tute what  are  named  the  proximate  principles  of  animals. 


Simple  bodies 
constituting 
the  organs. 


Inconfinablc 

elements. 
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Proximate 
materials  or 
principles  of 
animals. 

AzotisecI 

principles. 


Non-azoti- 
sed  princi- 
ples. 


Chemical 
composition 
of  proximate 
principles. 


Proiierties  of 
tissue. 


Proximate  Principles  of  the  Human  Body, 

The  proximate  principles  of  animals  aie  divided  into  azotised 
and  non-azotised. 

The  azotised  principles  are  : albumen,  fibrin,  gelatin,  mucus, 
casein,  urea,  uric  acid,  sulpho-cyanic  acid,  osmazome,  red-colour- 
ing matter  of  the  blood,  yellow  colouring  principle. 

The  non-azotised  principles  ai'e  : olein,  stearin,  fatty  matter  of 
brain,  the  acetic,  benzoic,  lactic,  formic,  oxalic,  rosacic,  acids  ; su- 
gar of  milk,  sugar  of  diabetic  urine  ? picromel  ; colouring  matter  of 
bile,  and  of  other  liquids  or  solids,  which  become  coloured  by  ac- 
cident. 

The  proximate  principles  of  our  body  are  in  general  constituted 
of  three  or  four  elements,  oxygen,  azote,  hydrogen,  carbon.  The 
three  first  being  gaseous,  in  a free  state,  tend  continually  to  aban- 
don the  solid  form  ; and  that  tendency  is  further  augmented,  by 
the  temperature  proper  to  a living  body,  and  by  the  affinity  which 
solicits  the  oxygen  and  hydrogen,  to  unite  in  order  to  form  water, 
oxygen  and  carbon  to  form  carbonic  acid,  and  azote  and  hydrogen 
to  produce  ammonia.  On  the  other  hand,  the  carbon  and  hydro- 
gen, not  finding  enough  of  oxygen  to  convert  themselves  into  car' 
bonic  acid  and  water,  these  bodies  exert  an  evident  tendency  to 
abstract  oxygen  fiom  the  atmosphere.  This  disposition  still  in- 
creases with  the  elevation  of  the  temperature  of  the  body,  and  also 
by  the  contact  of  water,  which  diminishes  the  cohesion  of  com- 
pounds, and  thus  favours  their  new  combinations.  From  these 
different  causes  results  this  long  known  fact,  that  the  bodies  of  ani- 
mals exposed  to  the  atmosphere  have  a great  tendency  to  decom- 
position, from  the  continual  efforts  of  their  elements  to  recover  that 
state  which  is  assigned  for  them  by  the  general  laws  of  nature. 

Properties  of  Tissue. 

The  textures  which  compose  the  different  organs,  have  chemical 
and  physical  properties  which  it  is  important  to  study  on  the  dead 
subject  and  in  the  living  animal.  We  find  in  these  almost  all  the 
physical  qualities  which  are  observed  in  inorganic  bodies  : different 
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degrees  of  consistence  from  extreme  hardness  to  fluidity,  elasti- 
city, transparency,  refractiveness,  &c.  ; but  we  are  particularly 
attracted  by  certain  qualities,  which  have  been  named  the  pro~ 
perties  of  tissue.  These  are  the  extensibility  and  contractility  of 
tissue  ; the  contractility  par  racornissement,  that  is,  the  contracti- 
lity from  crispation.®  Independently  of  these  physical  qualities,  the 
tissues  have  been  studied  in  respect  of  their  composition,  and 
St  has  been  found  that  some  are  principally  composed  of  gelatine, 
others  of  albumen,  others  of  phosphate  of  lime,  others  fibrine,  and 
so  on. 

These  various  textures  present  also  in  the  living  animal  certain 
phenomena  which  have  not  failed  to  attract  the  attention  of  physi- 
ologists. 

One  particular  science  is  consecrated  to  the  explanation  of  the 
tissqes  under  the  threefold  relation  of  their  physical,  chemical,  and 
vital  properties  : it  is  named  General  Anatomy,  the  study  of  which 
is  of  the  highest  importance  to  Physiology  *- 

OF  THE  FLUIDS  OR  HUMOURS- 

The  fluids  of  animal  bodies,  and  particularly  those  of  the  human 
body,  are  of  very  considerable  quantity  in  proportion  to  the  solids  : 
the  ratio  in  the  adult  being  as  nine  to  one.  Professor  Chaussier 
put  a dead  body  of  120  pounds  into  an  oven,  and  found  it,  after 
many  days’  successive  desiccation,  reduced  to  12  pounds.  Bodies 
found,  after  having  lain  buried  for  a long  time  in  the  burning  sands 
of  the  Arabian  deserts,  present  an  extraordinary  diminution  of 
weight. 

The  animal  fluids  are  sometimes  contained  in  vessels,  wherem 
they  move  with  more  or  less  rapidity  ; sometimes  in  little  ai-eolae 
or  spaces,  where  they  seem  to  be  kept  in  reserve  ; and  at  other 
times  they  are  placed  in  the  great  cavities,  where  they  make  only 
a temporary  stay  of  longer  or  shorter  duration. 


• See  the  Anatomie  Generale  of  Bichat  ; and  the  improved  works  of  Drs 
Craigie  and  Bedard, 
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SYNOPTICAL  TABLE  OP  FLUIDS. 

The  fluids  of  the  human  body,  wdiich  is  the  principal  object  of 
our  study,  are — 

1st,  The  blood. 

2d,  The  lymph. 

3d,  The  perspiratory,  or  perspirable  fluids,  which  comprise  the 
liquids  of  cutaneous  transpiration  ; the  transpiration  or  exhalation 
of  mucous  membranes,  as  also  of  the  synovial,  serous  and  cellular  ; 
of  the  adipose  cells,  the  medullary  membranes,  the  thyroid  and 
thymus  glands  ; of  the  eye,  the  ear,  the  vertebral  canal,  &c. 

4th,  The  follicular  fluids  ; the  sebaceous  secretion  of  the  skin, 
the  cerumen,  the  ropy  matter  of  the  eye-lids,  the  mucus  from  the 
glands  and  follicles  of  that  name,  from  the  tonsils,  the  cardiac 
glands,  the  prostate,  the  vicinity  of  the  anus,  and  some  other 
parts. 

5th,  The  glandular  fluids  ; the  tears,  the  saliva,  the  pancreatic 
fluid,  the  bile,  the  urine,  the  secretion  from  Cowper’s  glands,  the 
semen,  the  milk,  the  liquid  contained  in  the  supra-renal  capsules, 
that  of  the  testicles,  and  of  the  mammae  of  new-born  infants. 

6th,  The  chyme  and  the  chyle.® 

The  properties  of  fluids,  both  chemical  and  physical,  are  ex- 
ceedingly various.  Many  have  some  analogy  to  each  other  under 
these  two  relations  ; but  none  exhibit  a perfect  resemblance.  The 
writers  of  all  ages  have  attached  a considerable  degi’ee  of  import- 
ance to  their  methodical  arrangement  ; and  according  to  the  doc- 
trine then  flourishing  in  the  schools,  they  have  created  different 
systems  of  classification.  Thus  the  ancients,  who  attributed  much 
importance  to  the  four  elements,  said  that  there  were  four  princi- 
pal humours,  the  blood,  the  lymph,  or  pituita,  the  yellow  bile,  the 
black  bile,  or  atra  hilis  ; and  these  four  humours  corresponded  to 
the  four  elements,  to  the  four  seasons  of  the  year,  to  the  four  divi- 
sions of  the  day,  and  to  the  four  temperaments. 

Afterwards,  at  different  periods,  other  divisions  have  been  sub- 
stituted to  this  classification  of  the  ancients.  Thus,  some  have 
made  three  classes  of  liquids  : — 1st,  the  chyme  and  chyle  ; 2d, 
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tlie  blootl  ; 3d,  the  humours  emanating  from  the  blood.  Some 
authors  have  been  content  with  forming  two  classes: — 1st,  pri- 
mary, alimentary  or  useless  fluids  ; 2d,  secondary,  or  useful.  Con- 
sequently, they  distinguished  them  into — 1st,  recrementitious  hu- 
mours, or  humours  destined  from  their  formation  to  the  nourish- 
ment of  the  body  ; 2d,  excrementitious,  or  fluids  destined  to  be 
thrown  off  from  the  system  ; 3d,  humours,  which  at  times  partici- 
pate in  the  characters  of  the  two  former  classes,  and  are  there- 
fore named  excremento- recrementitious-  In  latter  times,  chemists 
have  endeavoured  to  class  the  humours  according  to  their  intimate 
or  component  nature,  and  thus  they  have  established  albuminous, 
fibrinous,  saponaceous,  watery,  alkaline,  acid,  &c.  fluids. 

The  classification  proposed  by  Professor  Chaussier  seems  much 
preferable.  It  has  no  relation  to  the  nature  of  the  fluids,  or  to 
the  offices  which  they  fulfil,  but  it  is  founded  upon  the  mode  of 
their  formation,  the  only  invariable  character  which  they  offer. 
It  is  the  arrangement  which  we  have  followed  in  the  enumeration 
just  delivered,  in  the  Synoptical  Table  of  Fluids. 

Physical  Properties  of  Fluids. 

The  physical  properties  of  the  fluids  perform  an  important  part 
during  life  ; we  owe  them  especial  attention,  and  shall  not  fail  to 
pay  it,  in  the  consideration  of  individual  functions.  Those  which 
we  shall  here  notice,  before  being  more  particularly  signalised,  are 
viscosity,  transparency,  colour,  &c. 

Certain  fluids  present  to  the  microscope  an  astonishing  spec- 
tacle ; myriads  of  globules  of  regular  figure  and  uniform  magnitude. 
These  are  met  with  particularly  in  the  blood,  the  lymph,  the 
chyle,  and  the  milk.  Another  fluid,  the  spermatic,  exhibits  a phe- 
nomenon still  more  remarkable.  If  a drop  is  placed  in  the  focus 
of  a magnifier,  a vast  number  of  little  animals  are  seen  to  move 
about  in  it  with  great  agility  ; hut  the  existence  of  these  singular 
beings  is  far  from  being  so  constant  as  that  of  the  globules  just 
mentioned.  They  are  only  met  with  during  a certain  time  of  life, 
and  in  general  during  the  state  of  health. 
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Chemical  Properties  of  Fluids. 

ciiemicai  pro-  pliysiologist,  liowever,  a knowledge  of  the  Chemical 

Suids?  properties  of  fluids  is  much  more  interesting  ; several  of  the  most 
important  actions  of  life  depend  immediately  upon  these  proper- 
ties : but,  unhappily,  this  branch  of  science  is  still  but  little  ad- 
vanced. Yet  chemistry  has  already  furnished  us  with  a consider- 
able number  of  precious  facts,  bearing  upon  this  capital  inquiry  *. 

We  know  that  the  composition  of  fluids  differs  not  essentially 
from  that  of  solids  ; we  find  in  them  the  same  proximate,  and  the 
same  remote  principles.  Drawing  off  by  evaporation,  a part  of  the 
water  which  most  fluids  contain,  we  obtain  a semisolid  matter, 
which  has  much  analogy  with  the  original  solids  : but  there  is  no- 
thing smprising  in  this,  when  we  consider,  that  one  of  the  pheno- 
mena proper  to  living  bodies,-  is  the  continual  transformation  of 
solids  into  fluids,  and  fluids  into  solids. 

The  greater  number  of  fluids  exhale  carbonic  acid,  aud  absorb 
oxygen  from  the  air  : in  general,  the  elements  of  fluids  have  a 
greater  tendency  to  decomposition  than  the  solids  ; so  that  it  is 
among  the  proximate  principles  of  fluids  that  those  containing  most 
azote,  as  casein,  urea,  occur  ; and  which  the  most  rapidly  undergo 
decomposition. 

VITAL  PROPEKTIES. 

Vital  proper-  Besides  the  physical  and  chemical  properties  that  the  solids  and 
fluids  of  the  economy  exhibit,  a gi-eat  many  phenomena,  of  which  no 
trace  is  to  be  observed  in  brute  matter,  are  easily  remarked,  and 
constitute  the  essential  characters  of  life.  It  would  have  been  wise 
to  study  each  of  these  phenomena  separately,  and  to  acquire  thus 
a complete  notion  of  the  attributes  of  living  bodies.  But  this  is 
by  no  means  the  course  that  has  been  followed  ; authors  have  laid 
down  certain  vital  properties,  and  have  not  scrupled  to  affirm,  that 
by  virtue  of  these  properties,  living  bodies  maintain  a perpetual 
struggle  with  the  general  laws  of  nature  ; one  of  the  most  childish 
absurdities  to  which  the  weakness  of  human  understanding  has 
ever  given  birth. 


* See  comprehensive  Tables  of  their  Pliysical  and  Chemical  properties  at 
the  end  of  the  volume. 
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How  could  the  ancients,  who  conceived  tliis  struggle  of  the  mi- 
crocosm or  little  world,  against  the  great  world  or  macrocosm,  have 
the  least  tolerable  conception  of  either,  when  they  were  still  alike 
ignorant  of  the  laws  of  organic  and  inorganic  matter  ? At  present, 
when  the  principles  of  physical  action  are  known,  and  when  these 
have  taught  us  many  important  general  laws  of  nature,  we  find,  on 
the  contrary,  that  these  laws  evidently  exercise  their  appropriate  in- 
fluence upon  animals.  In  truth,  living  organs  present  phenomena 
which  can  never  be  explained  by  physical  laws  ; but  it  follows  not 
that  there  exists  a struggle  between  the  one  and  the  other  : What 
natural  opposition  is  there  between  sensibility  and  weight,  or  che- 
mical affinity  ? The  things  are  totally  different,  and  that  is  all. 

The  vital  properties  generally  admitted,  have  received  different 
names  ; thus  they  are  called, 

1 . Organic, — vegetative, — nutritive, — molecular  sensibility. 

2.  Insensible, — organic, — nutritive, — fibrillary  contractility  ; tone, 

tonicity. 

3.  Cerebral, — animal, — perceptive  sensibility  ; the  sensibility  of 

relation,  &c, 

4.  Sensible  organic  sensibility,  irritability,  vermicular  motion. 

5.  Voluntary,  animal  contractility  : the  contractility  of  relation. 

Of  these  properties,  some  are  common  to  all  living  bodies,  others 
are  proper  to  certain  parts  of  animals. 

It  is  the  former  alone  which  deserve  the  name  of  vital  properties  ; organic  sensi- 
biit  it  is  essential  to  remark  that  organic  sensibility,  and  insensible  gànic’contrac- 
organic  contractility,  by  no  means  come  under  that  signification,  nïr.’ 

They  are  evidently  supposititious  modes  of  conception,  and  of  ex- 
plaining phenomena  beyond  the  cognizance  of  our  senses.  In 
reality  they  do  not  at  all  exist  ; and  nevertheless,  it  seems  that 
no  one,  at  present,  disputes  their  existence.  We  speak  of  the 
alterations  which  they  undergo,  of  the  necessity  of  reducing  them 
to  their  ordinary  state  : and  some  have  even  gone  the  length  to 
class  remedies  after  their  mode  of  operation  upon  these  properties, 
and  many  physicians  treat  their  patients  according  to  the  fantastic 
ideas  which  will  immediately,  I hope,  be  banished  from  physiology 
and  medicine. 

The  other  properties  are  peculiar  to  some  animals,  and  even  only 
to  some  of  their  parts  : such  as  the  sensible  organic  contractility. 
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which  is  seen  in  the  heart,  in  the  intestinal  canal,  in  the  bladder, 
&c.,  but  which  is  not  observed  in  other  parts  of  the  economy. 

The  cerebral,  or  animal  sensibility,  as  Bichat  names  it,  and  also 
the  voluntary  contractility,  have  only  been  enumerated  amongst 
the  vital  properties  by  an  abuse  of  words  ; it  being  evident  that 
they  are  functions,  or  the  results  of  the  action  of  many  organs, 
which  in  acting,  have  one  common  object  to  be  attained. 

We  say  nothing  of  the  force  of  vital  resistance,  of  fixed  situa- 
tion, of  vital  affinity,  of  caloricity  ; because  these  different  proper- 
ties, though  proposed  by  authors  of  great  merit,  have  not  obtain- 
ed general  assent,  nor  can  we  see  any  necessity  for  admitting  them. 

The  doctrine  of  vital  properties  has  not  been  ever  applied  to  the 
fluids,  and  yet  physiologists  agree  in  considering  them  possessed  of 
life.®  But  in  fact,  they  have  acted  with  more  circumspection  in  re- 
gard to  the  fluids  than  the  solids  : for  they  have  concluded  that  they 
ai’e  endowed  with  life,  solelyfrom  the  phenomena  which  they  present. 
Thus  the  fluidity,  which  they  preserve,  as  long  as  they  constitute 
a part  of  the  animal  ; the  manner  in  which  some  organize  them- 
selves, as  soon  as  they  are  separated  from  the  vessels  ; the  power  of 
producing  heat,  &c.,  are  leading  phenomena,  which,  according  to 
modern  physiologists,  evince  that  the  fluids  are  alive.  Neverthe- 
less, it  is  proper  to  add,  that  all  the  animal  fluids  do  not  offer 
these  characters.  The  blood,  the  chyle,  the  lymph,  and  some  other- 
fluids  destined  to  nutrition,  are  the  only  humours  which  present 
them.  The  excrementitious  fluids,  such  as  the  bile,  urine,  cutane- 
ous exhalation,  &c.,  exhibit  nothing  analogous  to  these  ; so  that 
whatever  is  said  of  the  life  of  the  fluids,  applies  not  to  the  latter.** 


CAUSES  OF  THE  PHENOMENA  PROPER  TO  LtVtNG  BODIES. 


Causes  of  the  From  the  most  remote  antiquity,  philosophers  were  persuaded 
phenomena 


proij^to  liv-  that  a great  part  of  the  phenomena  peculiar  to  living  bodies,  did 
mg  les.  follow  the  Same  course,  nor  obey  the  same  laws,  as  the  phe- 
nomena proper  to  brute  matter. 

To  these  phenomena  of  living  bodies,  a particular  cause  has  been 
assigned,  which  has  received  different  denominations.  Hippo- 
crates bestows  on  it  the  appellation  of  Physis,  or  nature;  Aris- 
totle calls  it  the  moving  or  generating  principle  ; Kaw  Boerhaave, 
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the  impetum  faciens  ; Van  Helmont,  archaeus  ; Stahl,  the  soul  ; 
others,  the  vis  insita,  vis  vitae,  vital  principle,  &c. 

What  is  the  signification  of  all  these  equivalent  expressions  ? 

They  are  susceptible  of  two  totally  different  interpretations.  They 
may  be  personified,  and  considered  as  beings,  to  whose  influence 
belongs  the  power  of  producing  the  phenomena  of  life  ; and  this  was 
the  earliest  opinion  ; but  in  following  it,  shall  we  not  resemble 
those  savages,  who  after  misshaping  stones  with  their  rurle  sculp- 
ture, honour  them  as  deities  ? The  second  view  designates  the 
cause,  or  causes  of  life  as  unknown,  and  perhaps  for  ever  incom- 
prehensible.. It  must  be  confessed,  then;  that  science  gained  very 
little  when  these  terms  were  invented.  Of  all  the  illusions  of  mo- 
dern physiologists,  the  most  deplorable  has  been  that  of  believing, 
that  by  forging  a new  term  vital  principle  or  vital  force  they  have 
done  sbmething  analogous  to  the  discovery  of  gravity. 

Moreover,  physiologists  maintain,  that  attraction  presides  over  No  anair^ 
the  changes  of  state  which  occur  in  inert  bodies,  just  as  the  vital  force  and  at- 
force  regulates  the  modifications  of  those  which  are  organized  ; 
but  they  thereby  fall  into  a strange  error,  for  the  vital  impulse  cannot 
be  compared  to  attraction.  The  laws  of  the  latter  are  perfectly 
known,  those  of  the  vital  force  lie  totally  concealed.  With  regard 
to  it,  indeed,  physiology  is  exactly  at  that  point  where  the  phy- 
sical sciences  were  before  the  time  of  Newton  ; — it  waits  till  a 
genius  of  the  first  order  arise  to  discover  the  laws  of  the  vital 
force,  as  Newton  made  known  to  us  the  laws  of  attraction.  The 
glory  of  that  great  mathematician  did  not  consist,  as  some  think, 
in  having  discovered  attraction — that  cause  of  action  was  known 
before  his  time — but  rather  in  having  told  us  that  attraction  acts 
in  the  direct  ratio  of' the  mass,  and  inversely  as  the  square  of  the 
distance. 

It  is  not,  in  fine,  by  closet  speculations,  that  so  weighty  an  ob- 
ject can  be  attained  ; an  exact  knowledge  of  the  physical  sciences, 
and  extensive  experience  in  regard  to  the  living  body  in  health  and 
disease  ; a severe,  and  rigorous  logic,  can  alone  hope  for  success. 

Before  commencing  the  study  of  the  phenomena  of  human  life, 
the  proper  object  of  this  work,  it  will  be  necessary  to  make  one 
general  observation. 

Whatever  be  the  number  or  diversity  of  the  appearances  pre- 
sented by  living  man,  it  is  easy  to  see  that  they  may  all  be  reduced, 
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General  ideas 
of  nutrition. 


Of  vital  ac- 
tion. 


in  their  ultimate  simplification,  to  two  principles,  which  ai'e  nutri- 
tion and  vital  action.  A few  words  upon  each  of  these  become 
indispensable  in  order  to  comprehend  what  follows. 

The  life  of  man,  and  that  of  other  organized  bodies,  is  founded 
upon  this,  that  they  habitually  assimilate  to  themselves  a certain 
quantity  of  matter,  which  we  name  aliment.  The  privation  of 
that  matter,  during  even  a very  limited  period,  brings  with  it 
necessarily  the  cessation  of  life.  On  the  other  side,  daily  obser- 
vation teaches,  that  the  organs  of  man,  as  well  as  those  of  all  living- 
beings,  lose,  at  each  instant,  a certain  quantity  of  that  matter 
which  composes  them  : nay,  it  is  on  the  necessity  of  repairing 
these  habitual  losses  that  the  want  of  aliment  is  founded.  From 
these  two  data,  and  some  others  which  we  shall  make  known  after- 
wards, we  justly  conclude,  that  living  bodies  are  by  no  means 
composed  always  of  the  same  matter  at  every  period  of  their  exist- 
ence ; physiologists  have  even  gone  so  far  as  to  say,  that  bodies 
undergo  an  entire  renovation. 

The  ancients  maintained,  that  the  renovation  is  effected  in  tlie 
space  of  seven  years.  Without  admitting  this  conjectural  idea, 
we  shall  say,  that  it  is  extremely  probable  that  all  parts  of  the 
body  of  man  experience  an  intestine  movement,  which  has  the 
double  effect  of  expelling  the  molecules  that  can  or  ought  no  longer 
to  compose  the  organs,  and  of  replacing  them  by  new  molecules. 
This  internal,  intimate  motion,  constitutes  nutrition.  It  falls  not 
under  the  senses  ; but  with  effects  so  palpable,  it  would  be  giving 
place  to  an  absurd  scepticism  to  attempt  to  call  it  in  question. 

This  motion  is  susceptible  of  no  explanation  : it  cannot,  in  the 
present  state  of  physiology,  be  referred  to  the  molecular  move- 
ments which  regulate  chemical  affinity.  To  affirm  that  it  depends 
upon  organic  sensibility,  and  organic  insensible  contractility,  or 
simply  upon  the  vital force,  is  to  express  the  fact  in  different  tenns, 
not  to  give  an  explanation.  Whatever  it  be,  it  is  by  virtue  of 
the  nutritive  motion,  or  nutrition,  that  the  organs  of  the  human 
body  preserve  or  change  their  physical  properties.  As  our  dif- 
ferent organs  present  different  physical  properties,  the  nutritive 
motion  should  be  different  in  every  one  of  them. 

Independently  of  the  physical  properties  which  the  different 
parts  of  the  body  present,  the  greater  number  exhibit,  either 
in  continuation,  or  at  periods  more  or  less  connected,  a pheno- 
menon that  is  called  vital  action, — for  instance  the  liver,  by  vir- 
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tue  of  a power  which  is  peculiar  to  it,  forms  continually  a liquid 
which  is  called  bile  : the  same  thing  takes  place  in  the  kidneys 
with  regard  to  the  urine.  The  voluntary  muscles,  in  certain  states, 
become  hard,  change  their  form,  and  contract.  This  is  another 
example  of  vital  action. — These  vital  actions  perform  a very  con- 
siderable part,  both  in  the  life  of  man  and  of  animals  ; and  upon 
these  the  attention  of  the  physiologist  ought  to  be  particularly 
fixed. 

Vital  action  depends  evidently  upon  nutrition,  and,  reciprocally, 
nutrition  is  influenced  by  vital  action — Thus  an  organ  that  ceases 
to  nourish,  loses  at  the  same  time  its  faculty  of  acting  ; conse- 
quently, the  organs  whose  action  is  oftenest  repeated,  possess  a 
more  active  nutrition  ; and,  on  the  contrary,  those  that  act  least, 
possess  a much  slower  nutritive  motion. 

The  mechanism  of  vital  action  is  unknown.  There  passes  into 
the  organ  that  acts  an  insensible  molecular  motion,  which  is  as 
little  susceptible  of  description  as  the  nutritive  motion.  Every  vital 
action,  however  simple,  is  the  same  in  this  respect. 

All  the  phenomena  of  life,  then,  may  be  comprehended  under 
nutrition  and  vital  action  ; but  the  concealed  molecular  motions 
which  constitute  these  two  phenomena,  are  not  amenable  to  our 
senses,  and  it  is  not  upon  them  that  our  attention  should  be  fixed  ; 
we  ought  to  study  only  their  results,  that  is,  the  physical  proper- 
ties of  the  organs,  the  sensible  effects  of  vital  actions,  and  endea- 
vour to  discover  how  they  both  concur  in  the  general  effects  of 
life.  This  is,  in  fact,  the  object  of  physiology. 

To  arrive  at  this  end,  the  phenomena  of  life  are  divided  into  of  the  func- 

. * tions  and  their 

different  classes,  or  functions.  ^ classifications. 

The  classification  of  functions  by  authors  has  been  very  various. 

Without  stopping  to  enumerate  the  different  classifications  adopted 
at  different  periods  of  the  science,  an  inquiry,  indeed,  by  no  means 
adapted  to  this  w'ork,  we  will  intimate,  that  the  functions  may  be 
distinguished  into  those  which  are  intended  to  connect  the  indi- 
vidual with  surrounding  objects,  those  whose  object  is  nutrition, 
and  those  that  have  for  their  object  the  reproduction  of  the  species. 

We  shall  call  the  first.  Functions  Relation  ; the  second.  Nu- 
tritive Functions  ; and  the  third.  Generative  Functions  *. 


* For  the  development  of  the  different  systems,  see  the  Physiology  of 
Richerand,  and  Chaussier’s  Table  of  Functions.  I give  the  details  in  my 
Lectures. 
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Method  of 
studying  the 
functions. 


Functions  of 
reiation. 


Of  the  sensa- 
tions. 


The  plan  which  it  is  necessary  to  follow  for  the  study  of  a par- 
ticular function,  is  by  no  means  a matter  of  indifference. 

We  think  it  necessary  to  adopt  the  following: — 

1.  General  idea  of  the  function. 

2.  Circumstances  which  put  the  action  of  the  organs  into  play, 
and  which  we  call  excitants  of  the  function. 

3.  Summary  anatomical  description  of  the  organs  that  concur 
in  the  function,  or  of  the  apparatus. 

4.  Study  of  every  action  of  the  organ  in  particular. 

5.  General  recapitulation,  showing  the  utility  of  the  function. 

6.  Relations  of  the  function  with  those  already  examined. 

7.  Modifications  which  the  function  presents,  according  to  age, 
sex,  temperament,  climate,  seasons,  habit. 

OF  THE  FUNCTIONS  OF  RELATION. 

The  functions  of  relation  are  composed  of  sensation,  of  under- 
standing, of  voice,  and  of  motion. 

OF  SENSATION. 

The  corporeal  sensations  or  senses,  are  functions  designed  to  re- 
ceive the  impressions  of  external  objects,  and  to  communicate  a 
knowledge  of  them  to  the  understanding. 

The  number  of  these  functions  is  five  : — seeing,  hearing,  smell, 
taste,  touch  ; and  receive  the  appellation  of  external  senses,  as  dis- 
tinguished from  memory,  imagination,  judgment,  and  perhaps  also 
from  will  ; which  not  depending  necessarily  upon  immediate  exter- 
nal impressions,  are  named  Internal  Senses  by  physiologists. 


OF  VISION. 


Of  vision.  Vision  is  a function  which  enables  us  to  perceive  the  magnitude, 
figure,  colour,  distance,  &c.  of  bodies.  The  organs  which  com- 
pose the  apparatus  of  vision  enter  into  action,  under  the  influence 
of  a particular  excitant,  or  stimulus,  denominated  light. 

Light.  We  perceive  bodies,  we  take  cognizance  of  many  of  their  pro- 

perties, though  they  are  often  at  a great  distance  ; — there  must 
then  be  between  them  and  our  eye  some  intermediate  agent  ; this 
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intermediate  substance  we  designate  by  the  appellation  of  light. 

Light  is  an  excessively  subtile  fluid,  which  emanates  fi’om  those 
bodies  called  luminous,  as  the  sun,  the  fixed  stars,  bodies  in  a state 
of  ignition,  phosphorescence,  &c.  Light  is  composed  of  atoms 
which  move  with  a prodigious  rapidity,  since  they  pass  through 
about  eighty  thousand  leagues  of  space  in  a second. 

A series  of  atoms,  or  particles,  which  succeed  each  other  in  a 
right  line  without  interruption,  are  denominated  a ray  of  light. 

The  atoms  which  compose  every  ray  of  light  are  separated  by  in- 
tervals, that  are  considerable  in  proportion  to  their  mass  ; which 
circumstance  permits  a considerable  number  of  rays  to  cross  each 
other  in  the  same  point,  without  their  particles  coming  in  contact. 

The  light  that  proceeds  from  luminous  bodies  forms  diverging  of  the  rays  of 
cones,  which  would  prolong  themselves  indefinitely,  did  they  meet 
with  no  obstacles.  Philosophers  have  from  thence  concluded,  that 
the  intensity  of  light,  as  of  all  similar  emanations,  in  any  place,  is  intensity  of 
always  in  an  inverse  ratio  to  the  square  of  the  distance  of  the  lumi- 
nous  bodies  from  which  it  proceeds.  The  cones  that  are  formed  by 
the  light  in  passing  from  luminous  bodies,  are,  in  general,  called 
pencils  of  light,  or  pencils  of  rays,  and  the  bodies  through  which  the 
light  moves  are  designated  by  the  name  of  media,  or  mediums. 

When  light  happens  to  come  in  contact  with  certain  bodies  that  Reflection  of 
are  called  opake,  it  is  repulsed,  and  its  direction  is  modified  ac- 
cording to  the  disposition  of  those  bodies. — The  change  that  light 
suffers  in  its  course,  is,  in  this  case,  called  reflection.  Thé  study 
of  reflection  constitutes  that  part  of  physics  which  is  named  catop- 
trics. 

Certain  bodies  allow  the  light  to  pass  through  them  ; for  in- 
stance glass  : they  are  said  to  be  transparent.  In  passing  through 
these  bodies,  light  suffers  a certain  change,  which  is  called  refrac- 
tion. As  the  mechanism  of  vision  rests  entirely  upon  the  prin- 
ciples of  refraction,  the  examination  of  these  becomes,  therefore, 
matter  of  importance. 

The  point  where  a ray  of  light  enters  into  a medium  is  called  Laws  of  ic- 
the  point  of  immersion  ; and  that  where  it  goes  out  is  called  the 
point  of  emergence. 

If  the  ray  comes  in  contact  with  a medium  in  a line  perpendi- 
cular to  its  surface,  the  ray  then  continues  its  direction  without 
any  change;  but  if  its  direction  is  oblique  to  the  surface  of  the 
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' fraction  *"^7  is  then  turned  out  of  its  course,  and  appears  bro- 

j ken  at  the  point  of  immersion. 

] The  angle  of  incidence  is  that  which  the  incident  ray  makes 

with  a perpendicular  line  drawn  ovei’  the  point  of  immersion  upon 
j the  surface  of  the  medium,  and  the  angle  of  refraction  is  that 

I which  the  broken  ray  makes  with  the  perpendicular. 

If  the  ray  of  light  pass  from  a rare  medium  into  one  more  dense, 
it  inclines  towards  the  perpendicular  at  the  point  of  contact;  but 
it  declines  from  it  if  it  pass  from  a dense  medium  into  one  that  is 
^ rarer.  The  same  phenomenon  takes  place,  but  in  a contrary  di- 

I rection,  when  the  ray  enters  into  the  first  medium  ; this  takes 

place  in  such  a manner,  that  if  the  two  surfaces  of  the  medium 
I traversed  by  the  ray  are  parallel  to  each  other,  the  ray,  in  passing 

I into  the  surrounding  medium,  will  take  a direction  parallel  to  that 

of  the  incident  ray. 

Bodies  refract  light  in  proportion  to  their  density  and  combusti- 
bility *.  Thus,  of  two  bodies  of  equal  density,  one  of  which  being 
composed  of  more  combustible  elements  than  the  other,  the  re- 
j fractive  power  of  the  first  will  be  greater  than  that  of  the  second. 

I All  transparent  bodies  refract  at  the  same  time  that  they  reflect 

; light.  On  account  of  this  property,  these  bodies  are  capable  of 

i being  used  as  a sort  of  mirror.  When  their  density  is  very  incon- 

siderable, such  as  that  of  the  air,  they  are  not  visible  unless  their 
i 1 [ mass  be  considerable. 

! ' The  form  of  a refractive  body  has  no  influence  upon  its  refrac- 

: ! tive  power  ; but  it  modifies  the  disposition  of  the  refracted  rays  in 

j respect  to  each  other.  In  fact,  as  the  perpendiculars  to  the  sur- 

;j  face  of  the  body  mutually  approach  or  recede,  according  to  the 

i form  of  the  body,  the  refracting  rays  must  also,  at  the  same  time, 

mutually  approach  or  recede. 

When,  by  the  effort  of  a refractive  body,  the  rays  tend  towards 
I j each  other,  the  point  where  they  unite  is  called  the  focus  of  the 

I refractive  body.  Bodies  of  a lenticularf  form  are  those  chiefly 

I which  present  this  phenomenon. 


* The  density  is  the  relation  of  the  mass  to  the  volume,  so  that  if  bodies 
were  all  under  the  same  volume,  their  densities  might  be  measured  by  their 
weight. 

-|-  Lenticular  bodies  are  those  terminated  by  the  two  spherical  segments. 
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A refractive  body,  with  parallel  surfaces,  does  not  change  the 
direction  of  the  rays,  but  it  inclines  them  towards  its  axis  by  a sort 
of  transportation.  A refractive  body  of  two  convex  sides  does 
not  possess  a greater  refractive  power  than  a body  convex  on  one 
side,  and  plane  on  the  other;  but  the  point  behind  it  in  which 
the  rays  are  united  is  much  nearer. 

The  study  of  refraction  leads  us  to  the  observation  of  a very  Composition 
important  circumstance;  which  is,  that  a ray  of  light  is  itself 
composed  of  an  infinite  number  of  rays,  differently  coloured,  and 
differently  refrangible  ; that  is  to  say,  to  every  coloured  ray  corres- 
ponds, in  the  same  bodies  and  for  the  same  incidence,  a refraction 
which  varies  according  to  the  colour  of  the  rays.  If  a pencil  of 
rays  is  made  to  traverse  a prism  of  glass,  or  any  other  refractive 
body  whose  surfaces  are  parallel,  the  pencil  becomes  larger,  and 
after  it  quits  the  body,  if  it  is  received  upon  a plane,  such  as  a leaf 
of  paper,  it  occupies  a considerable  extent  ; and  in  place  of  produ- 
cing a white  image,  it  produces  an  oblong  image  of  an  infinity 
of  tints,  which  succeed  each  other  by  insensible  gradations, 
and  amongst  which  there  can  be  distinguished  the  seven  following 
colours  : — Red,  orange,  yellow,  green,  blue,  indigo,  violet.  Each 
of  these  colours  is  indecomposible  ; the  whole  form  the  solar  spec- 
trum. This  light  is  not  homogeneous,  since  it  is  composed  of 
rays  of  very  different  colours.  Upon  this  fact  is  founded  the  expla- 
nation of  the  colours  of  bodies.  A white  body,  is  a body  which 
reflects  light  without  decomposing  it;  a black  body  is  a body 
which  does  not  reflect  light,  but  which  absorbs  it  completely. 

Coloured  bodies  decompose  light  in  reflecting  it  ; they  absorb  colour  of  bo- 
a part,  and  reflect  the  rest.  Thus  a body  will  appear  green  when 
the  union  of  the  colours  that  it  reflects  appears  of  this  colour. 

Bodies  which  are  transparent  appear  also  coloured  by  the  light 
that  they  refract,  and  it  often  happens,  that  when  seen  by  refrac- 
tion, they  appear  of  a colour  different  from  what  they  exhibit  when 
seen  by  reflection.  If,  however,  we  wish  to  know  why  one  body 
reflects  a certain  colour,  whilst  another  body  absorbs  it,  philo- 
sophers re|)ly,  that  this  phenomenon  depends  upon  the  particular 
position  of  the  atoms  of  these  bodies  *. 


* This  interpretation  pretty  much  resembles  what  is  given  of  tlie  vital 
powers  ; it  may  be  true,  but  it  explains  nothing. 


24 


COMPENDIUM  OF  PHYSIOLOGY. 


The  discovery  of  tlie  action  of  refractive  bodies  upon  light  has 
not  been  an  object  of  simple  curiosity  ; it  has  led  to  the  construc- 
tion of  ingenious  instruments,  by  means  of  which  the  sphere  of 
human  vision  has  been  extended  to  an  extraordinary  degree. 


Apparatus  of  vision. 

Apparatus  of  The  apparatus  of  vision  is  composed  of  three  distinct  parts. 
Thefrst  modifies  the  light. 

The  second  receives  the  impression  of  that  fluid. 

The  third  transmits  this  impression  to  the  brain. 

The  apparatus  of  vision  is  of  an  extremely  delicate  texture,  ca- 
pable of  being  deranged  by  the  slightest  accident.  Nature  has  also 
placed  before  this  apparatus  a series  of  organs,  the  use  of  which  is 
to  protect  and  maintain  it  in  those  conditions  necessary  to  the  per- 
Protecting  feet  exei’cise  of  its  functions.  Those  protecting  parts  are  the  eye- 

parts  of  t]ie  ' , * ° ^ 

brows,  the  eyelids,  and  the  secreting  and  excreting  apparatus  of 
the  tears. 

The  eyebrows  which  are  peculiar  to  man,  are  formed, 

1.  By  hair,  of  a variable  colour. 

2.  By  the  skin. 

3.  By  sebaceous  follicles  placed  at  the  root  of  every  hair. 

4.  By  muscles  destined  for  their  various  motions,  namely,  the 
frontal  portion  of  the  occipito-frontalis,  the  superior  edge  of  the 
orbicularis  palpebrarum,  the  corrugator  supercilii. 

5.  Numerous  vessels. 

6.  Nerves. 

The  eyebrows  have  many  uses.  The  projection  which  they 
form  protects  the  eye  against  external  violence  ; the  hairs,  on 
account  of  their  oblique  direction,  and  the  oily  matter  with  which 
they  are  covered,  prevent  the  perspiration  from  flowing  towards,  or 
irritating  the  surface  of,  that  organ  ; they  direct  it  towards  the 
temple,  and  the  root  of  the  nose.  The  colour  and  the  number  of 
hairs  of  the  eyebrows  have  an  influence  upon  their  use.  They 
have  generally  some  relation  to  the  climate.  The  inhabitants  of 
Iiot  countries  have  them  very  thick  and  black  ; the  inhabitants  of 
cold  regions  may  have  them  thick,  but  they  are  rarely  black. 
The  eyebrows  protect  the  eyes  from  too  much  light,  and  parti- 
cularly when  it  comes  from^’above;  this  effect  is  rendered  still 
more  conspicuous  by  knitting  the  brows. 


Use  of  the 
eyebrows. 
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The  eyelids  are  two  in  number  in  man,  distinguished  into  su-  The  eyeiuu. 
perior  and  inferior,  large  and  small  ; palpebra  major,  palpebra 
minor. 

The  form  of  the  eyelids  is  adapted  to  that  of  the  globe  of  the 
eye,  so  that  being  brought  together,  they  cover  completely  the  an- 
terior surface  of  this  organ. 

The  place  where  they  meet  is  not  at  the  level  of  the  transverse 
diameter  of  the  eye  ; it  is  much  below  it  : Haller  committed  an 
error  in  calling  it  œquator  oculi?  The  eye  appears  greater  in  pro- 
portion as  the  opening  that  separates  the  eyelids  is  more  extended  : 
therefore,  our  opinion  of  the  size  of  an  eye  is  often  incorrect  ; for 
the  most  part,  it  expresses  only  the  extent  of  the  opening  of  the 
eyelids.  The  moveable  edge  of  the  eyelids  is  thick,  and  capable 
of  resistance  ; provided  with  hairs  of  a greater  or  less  length,  more 
or  less  numerous,  and  of  a colour  generally  resembling  the  hair  of 
the  head  ; these  hairs  are  placed  very  close  together. 

Those  of  the  superior  eyelid  form  a slight  curve,  the  concavity 
of  which  is  above  ; those  of  the  inferior  eyelid  form  another  curve 
in  the  contrary  direction.  There  is  an  idea  of  beauty  attached  to 
those  eyelashes  that  are  thick  and  long,  and  which  agrees  very 
well  with  their  utility.  The  eyelashes  are  always  covered  with  an 
oily  matter,  which  proceeds  from  little  follicles  situated  in  the  eye- 
lids, around  the  roots  of  the  eyelashes.  This  is  commonly  the 
case  with  all  hair.  Between  the  line  occupied  by  the  eyelashes 
and  the  internal  page  of  the  palpebræ,  there  is  a plane  surface, 
upon  which  the  eyelids  rest  when  they  come  in  contact.  I call 
this  surface  the  margin  of  the  eyelid. 

The  eyelids  are  composed  of  a muscle  with  semicircular  fibres 
( orbicularis  palpebrarum) , of  a fibrous  cartilage,  of  a ligament 
( ligament  large  de  la  paupière),  of  a great  number  of  sebaceous 
ïo\\ïc\es  f glandulce  Meibomii),  of  a portion  of  mucous  membrane. 

All  these  parts  are  tied  together  by  a cellular  tissue,  generally 
lax  and  delicate,  and  which  contains  no  fat. 

The  skin  of  the  eyelids  is  very  fine,  and  half  transparent  ; it  skin  of  the 
yields  with  great  facility  to  their  motions  ; it  presents  transverse 
wrinkles.  The  muscle  of  the  eyelids,  in  contracting,  draws  them 
together,  or  shuts  the  eyes,  at  the  same  time  moving  them  a little 
inwards. 


26 


COMPENDIUM  OF  PHYSIOLOGY. 


Cellular  tis- 
sue of  the 
eyelids. 


Use  of  the 
eyelids. 


The  fibrous  cartilage  of  the  eyelids  is  called  the  cartilage  of  the 
tarsus  ; that  of  the  superior  eyelid  is  much  larger  than  that  of 
the  inferior.  Their  use  is  to  keep  the  eyelids  extended,  and  in 
a position  suitable  to  the  form  of  the  eye  ; they  support  likewise 
the  eyelashes,  contain  the  follicles  of  Meihomius,  and  protect  the 
eye  from  external  injury. 

The  use  of  the  cartilage  of  the  tarsus  does  not  appear  indis- 
pensable, since  some  animals  do  not  possess  it,  whose  eyelids, 
nevertheless,  perform  all  their  functions.  What  is  called  the  large 
ligament  is  only  cellular  tissue,  which  extends  from  the  base  of 
the  orbit  to  the  superior  edge  of  the  tarsus  ; it  appears  intended 
to  limit  the  movement  by  which  the  eyelids  are  brought  to- 
gether.® 

The  cellular  tissue  of  the  eyelids  is  very  fine  and  delicate,  and 
contains  no  fat,  but  only  a fine  serous  matter,  in  very  small  quan- 
tity, which  in  certain  cases  takes  a little  more  consistence,  and 
accumulates  in  the  areolae  of  the  tissue  ; the  eyelids  are  then 
swelled,  and  of  a bluish  colour.  This  colour,  and  swelling  of 
the  eyelids,  are  observed  after  an  excess  of  any  kind,  after  great 
sickness,  during  convalescence,  and  in  women  during  the  period  of 
the  menses.  The  fineness  and  laxity  of  the  cellular  tissue  of  the 
eyelids,  the  absence  of  the  fat  of  its  areolae,  are  necessary  for  the 
free  exercise  of  their  motion.  The  ocular  aspect  of  the  eyelids  is 
covered  by  the  mucous  membrane  of  the  eye.  , 

Independently  of  the  parts  just  mentioned,  the  upper  eyelid  has 
a muscle,  which  is  peculiar  to  it,  and  which  is  called  levator  pal- 
pehrae  superioris.  The  tensor  tarsi,  of  which  the  existence  and 
function  of  duly  adapting  the  lachrymal  point,  were  lately  discovered 
by  Horner,  seems  to  be  a process  from  the  orbicularis  palpebrarum. 

The  eyelids  cover  the  eye  during  sleep,  and  preserve  it  from 
the  contact  of  extraneous  particles  flying  about  in  the  air,  which 
might  injure  it  ; they  defend  it  from  sudden  shocks,  by  their  almost 
instantaneous  closure  ; and  by  their  habitual  motions,  which  are 
renewed  at  nearly  equal  intervals,  they  preserve  it  from  the  effects 
of  long  continued  contact  of  the  air.  The  motion,  named  ininJcmg, 
or  nictation,  depends  partly  upon  the  facial,  and  partly  upon  the 
tergeminal  nerve,  or  fifth  pair.  It  ceases  when  the  facial  nerve  is 
divided  ; it  ceases,  or  only  shews  itself  very  rarely,  and  in  a very 
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strong-  light,  if  the  fifth  pair  has  been  divided.  The  eyelids  also 
moderate  the  force  of  a too  brilliant  light,  and  prevent  the  passage 
of  any  more  of  this  fluid,  than  what  is  necessary  for  vision,  without 
offending  the  eye.  On  the  contrary,  when  the  light  is  feeble,  we 
separate  the  eyelids  to  a considerable  distance,  in  order  to  permit 
the  passage  of  as  great  a quantity  of  light  as  possible  into  the  inte- 
rior of  the  eye. 

When  the  eyelids  are  placed  near  each  other,  the  eyelashes  ad- 
mit only  a small  quantity  of  light  to  pass  at  a time.  When  the 
eyelashes  are  humid,  the  little  drops  at  their  surface  decompose 
the  light,  like  the  prism.  The  eyelashes,  by  separating  into  pen- 
cils the  light  which  penetrates  into  the  eye,  make  bodies  in  igni- 
tion appear  during  the  night,  as  if  they  were  surrounded  with  lu- 
minous rays.  This  appearance  does  not  take  place  if  the  eye- 
lashes are  inverted,  or  merely  turned  in  another  direction.  It  is 
also  believed  that  the  eyelashes  protect  the  eye  from  the  small 
particles  of  dust  that  float  in  the  air.  The  vision  of  those  persons 
whose  eyes  have  lost  their  eyelashes,  is  always  more  or  less  im- 
perfect. 

Those  compound  follicles  that  are  lodged  in  the. substance  ofMeibomiau 

^ « . glands. 

the  tarsus,  are  called  glands  of  Meibomius.  They  are  very  nu- 
merous ; there  are  from  thirty  to  thirty-six  of  them  in  the  upper 
eyelid,  and  from  twenty-four  to  thirty  in  the  lower.  In  every 
compound  follicle,  there  exists  a central  canal,  around  which  are 
placed  the  simple  follicles,  and  into  which  they  shed  the  matter 
which  they  secrete.  This  central  canal  is  always  full  of  that  mat- 
ter, which,  in  its  ordinary  state,  is  called  the  Liquor  of  Meibo- 
mius, and  Gum  when  it  is  thick  and  dry.  At  the  instant  when 
one  awakes,  there  is  always  a certain  quantity  of  it  accumulated 
at  the  great  angle  of  the  eye,  and  upon  the  borders  of  the  eyelids. 

This  matter  is  believed  to  be  of  an  unctuous  nature  ; some  parti- 
cular researches  make  me  think  that  it  is  essentially  albuminous. 

Every  central  canal  has  an  opening  scarcely  visible  upon  the  inter- 
nal surface  of  the  eyelid,  very  near  its  junction  with  the  margin  ; 
these  openings,  placed  very  near  to  each  other,  continue  all  along 
the  edge  of  this  margin.  The  liquor  of  Meibomius  passes  out  by 
these  openings,  when  the  eyelid  is  slightly  pressed.  As  these 
openings  suffer  a sensible  pressure  in  their  advance  along  the  ante- 
rior of  the  eye,  it  is  probable  that  this  pressure  contributes  to  the 
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secretion  of  the  fluid.  It  appears  to  me  that  the  principal  use  of 
this  humour  is  to  facilitate  the  continual  friction  of  the  eyelids  up- 
on the  globe  of  the  eye.  The  superior  eyelid  pressing  much  more 
frequently  upon  the  eye,  than  the  inferior,  its  follicles  ought  to  be 
more  numerous,  and  more  considerable  ; and  this  is  exactly  the 
fact. 


Lachrymal  apparatus. 


Lachrymal 

apparatus. 


Lachrymal 

gland. 


The  excretory 
ducts  of  the 
lachrymal 
gland. 


Carimcula 

lachrymalis. 


The  protection  of  the  eye  does  not  depend  entirely  upon  the 
eyebrows  and  the  eyelids  ; there  enters  into  the  tutamina  oculi  a 
small  apparatus  for  secretion,  the  mechanism  of  which  is  very  cu- 
rious, and  the  utility  of  which  is  very  great.  This  is  the  appara- 
tus for  secreting  the  tears.  It  is  composed  of  the  lachrymal  gland, 
of  the  excretory  ducts,  of  the  carimcula  lachrymalis,  of  the  lach- 
rymal canals,  and  of  the  nasal  duct. 

The  lachrymal  gland,  of  small  volume,  is  lodged  in  the  little 
hollow  that  the  concave  of  the  orbit  presents,  in  its  anterior  and 
exterior  part.  Its  use  is  to  secrete  the  tears.  This  gland  was 
known  to  the  ancients,  but  they  were  not  acquainted  with  its 
use  ; ^ they  called  it  glandula  innominala  superior,  in  contradis- 
tinction to  the  caruncule,  "which  they  named  innominata  injerior. 
Some  of  them  attributed  the  formation  of  tears  to  the  caruncule, 
others  to  a gland  which  does  not  exist  in  man,  but  only  in  certain 
animals,  the  glandula  Harderi. 

The  excretory  ducts  of  the  tears  are  six  or  seven  in  number. 
They  are  produced  from  the  little  glandular  grains,  which  by  their 
union  form  the  lachrymal  gland  ; they  proceed  some  way  in  the  in- 
tervals of  the  lobules  which  it  presents  ; they  soon  quit  it,  place 
themselves  upon  the  conjunctiva,  and  pierce  this  membrane  very 
near  the  tarsus  of  the  superior  eyelid,  towards  its  outer  extremity. 
They  can  be  rendered  visible  by  inflation,  by  raising  up  the 
superior  eyelid,  and  compressing  the  gland,  which  causes  the  tears 
to  flow  through  the  orifices  of  the  canals  ; by  soaking  the  eye 
in  water  tinged  with  blood,  and  by  injecting  them  with  mercury. 
The  tears  are  shed  by  these  ducts  at  the  surface  of  the  conjunc- 
tiva. 

At  the  internal  angle  of  the  eye  there  is  a projecting  body,  the 
rose  colour  of  which  indicates  the  energy  of  the  general  system  ; 
and  the  paleness  of  which,  on  the  contrary,  denotes  a state  of  de- 
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bility  and  sickness  ; this  is  the  caruncula  lachrymalis.  This  small 
body  has,  for  the  base  of  its  composition,  seven  or  eight  follicles, 
which  are  ranged  in  a semicircular  line,  the  convexity  of  which  is 
to  the  inside.  They  have  every  one  an  opening  to  the  surface  of 
the  caruncula  ; they  contain  each  a small  hair  ; these  openings 
are  disposed  in  such  a manner,  as  to  complete,  with  those  of  the 
glands  of  Meibomius,  a circle  which  embraces  all  the  anterior  part 
of  the  eye  when  the  eyelids  are  separated. 

At  the  place  where  the  eyelids  quit  the  globe  of  the  eye  to  di-  Lachrymal 
rect  themselves  towards  the  caruncle,  there  is  a small  opening  to 
be  seen  upon  the  internal  surface,  near  the  open  edge  of  each  eye- 
lid ; these  are  the  puncta  lachrymalia,  the  external  orifices  of  the 
lachrymal  canals.  The  lachrymal  points  are  continually  open  ; 
they  are  both  directed  towards  the  eye.  They  are  supposed  to  be 
endowed  with  a contractile  power,  which  manifests  itself  upon 
their  being  touched  by  the  extremity  of  a small  instrument.  How- 
ever careful  I may  have  been  in  endeavouring  to  perceive  these 
contractions,  I have  never  succeeded  ; and  there  is  a circumstance 
here  that  may  have  given  rise  to  deception.  When  one  endea- 
vours unsuccessfully  to  introduce  a style,  the  mucous  tnembrane, 
which  covers  the  lachrymal  points,  becomes  swelled,  by  the  affiux 
of  the  fluids,  as  it  would  do  in  any  other  point  of  its  surface,  and 
thus  the  opening  is  lessened  ; it  is  necessary  to  distinguish  this 
phenomenon  from  contraction. 

By  means  of  the  lachrymal  canals,  the  openings  which  we  have 
just  mentioned  lead  to  a duct,  which  continues  from  the  great 
angle  of  the  eye  to  the  lower  part  of  the  nostrils.  The  lachrymal 
canals  are  very  narrow,  they  are  about  three  or  four  lines  in  length, 
and  scarcely  admit  the  passage  of  a hair.  They  are  placed  within 
the  eyelid,  between  the  orbicular  muscle  and  the  conjunctiva  ; 
they  open  sometimes  alone,  sometimes  together,  into  the  upper 
part  of  the  nose. 

Anatomists  are  mistaken  in  distinguishing  two  parts  in  the  duct,  Lachrymaisac 
which  properly  extends  from  the  great  angle  of  the  eye  to  the  in-  duct, 
ferior  meatus  of  the  nasal  fossae.  This  canal  is  nearly  every  where 
of  the  same  dimensions,  and  the  name  of  lachrymal  sac  ought  not 
to  be  given  to  the  upper  part  of  it,  reserving  the  name  of  nasal 
duct  to  the  rest.  Nevertheless,  this  canal  is  formed  by  the  mu- 
cous membrane  of  the  nostrils,  which  is  prolonged  into  its  bony 
conduit  upon  the  posterior  border  of  the  ascending  process  of  the 
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maxillaiy  bone,  and  the  anterior  half  of  the  os  unguis.  Its  use  is 
to  shed  the  tears  into  the  nostrils. 

The  conjunctiva  ought  to  be  placed  amongst  the  organs  of  the 
lachrymal  apparatus  ; it  is  a membrane  of  the  mucous  kind,  which 
covers  the  posterior  surface  of  the  eyelids,  and  the  anterior  surface 
of  the  globe  of  the  eye.  The  loose  manner  in  which  it  adheres  to 
the  eyelids,  as  well  as  to  the  sclerotica,  renders  it  particularly 
suitable  to  their  motions.  Does  the  conjunctiva  pass  before  the 
transparent  cornea,  or  does  it  stop  at  the  circumference  of  this  por- 
tion of  the  eye,  and  coalesce  with  the  membrane  which  covers  it  ? 
This  has  not  been  completely  demonstrated.  It  is  generally  believed 
that  it  covers  the  cornea  ; but  M.  Ribes,  a very  distinguished  ana- 
tomist, supposes  that  the  cornea  is  covered  by  a peculiar  membrane, 
which  is  united  to  the  conjunctiva  by  its  circumference,  without 
Uses  of  con-  being  a continuation  of  it.  The  conjunctiva  protects  the  anterior 
junctiva.  gui-face  of  the  eye  ; it  secretes  a fluid,®  which  mixes  miththe  tears, 
and  seems  to  have  the  same  use  ; it  possesses  an  absorbent  * power, 
supports  the  friction  produced  when  the  eye  is  moved,  and  being 
always  smooth  and  humid,  it  gives  much  facility  to  motion.  In 
short,  it  is  this  which  sustains  the  contact  of  the  air,  when  the 
eye  is  not  covered  by  the  stratum  of  tears,  of  which  we  shall  in- 
stantly make  mention. 

Sensibility  of  Upon  the  conjunctiva  depends  the  extreme  sensibility  of  the 
conjunctiva.  manifested  by  the  pain,  which  the  least  contact  of  an  irritating 
body  produces,  even  in  the  form  of  vapour.  This  sensibility  is 
much  greater  than  in  any  other  part  of  the  eye,  not  even  except- 
ing the  retina.  It  depends  on  the  ophthalmic  branch  of  the  fifth 
pair.  When  that  nerve  is  cut  in  a living  animal,  the  conjunctiva 
becomes  perfectly  insensible  to  every  species  of  contact,  such  even 
as  destroys  chemically  the  tissue  of  the  membrane  itself.  Some 


* An  animal  maybe  poisoned  by  deleterious  matter,  by  prussic  acid  for  ex- 
ample, applied  to  its  conjunctiva. 

[Our  author  has  tacitly  relinquished  his  objection,  deduced  from  this  fact,  to 
the  external  use  of  belladonna  by  oculists  ; and  properly.  For  though  both 
fact  and  objection  flow  fairly  from  his  beautiful  discovery  of  imbibition,  page 
7,  and  article  venous  absorption  ; yet  we  must  not  throw  away  so  valuable  a 
remedy  on  any  theoretical  suggestion  : in  this  country,  at  least,  scarcely  any 
consequences,  except  the  most  beneficial,  have  been  noticed  from  its  external 
use  ; nevertheless  I have  had  frequent  occasion  to  observe  a slight  narcotism 
from  its  application  to  my  own  conjunctiva.— Tu,] 
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drops  of  ammonia,  for  instance,  placed  upon  the  conjunctiva,  pro- 
duce instantly  redness  and  active  inflammation,  with  an  abundant 
flow  of  tears  ; but  the  contact  of  ammonia  with  an  eye,  wdiereof 
the  ophthalmic  nerve  has  been  divided,  remains  dry,  and  does  not 
in  the  least  change  its  appearance 

Of  the  Secretion  of  tears,  and  of  their  uses. 


This  is  not  the  place  to  describe  the  secretion  of  tears,  to  point 
out  their  similarity  or  their  diflerence  with  respect  to  other  secre- 
tions ; it  is  sufficient  to  understand,  that  the  lachrymal  gland  forms 
them  and  sheds  them,  by  means  of  the  conduits  of  which  we 
have  spoken,  upon  the  conjuctiva  at  the  external  and  superior 
part  of  the  eye.  What  happens  after  they  arrive  there  we  will 
endeavour  to  show.  It  is  at  once  seen  that  they  ought  to  flow 
during  sleep  in  a different  manner  than  while  awake.  In  this  last 
state,  the  eyelids  meet  and  separate  alternately  ; the  conjunctiva 
is  exposed  to  the  contact  of  the  air  ; the  eye  is  continually  in  mo- 
tion : nothing  of  all  this  exists  during  sleep. 

I Physiologists  suppose  that  the  tears  flow  into  a triangular  canal, 
which  carries  them  towards  the  great  angle  of  the  eye,  where  they 
are  absorbed  by  the  puncta  lachrpmalia. 

They  say  that  this  canal  is  formed,  \st,  by  the  border  of  the 
eyelids,  the  round  and  convex  surfaces  of  which  touch  only  by 
a point  ; 2c?,  by  the  anterior  surface  of  the  eye,  which  completes  it 

I behind.  The  external  exti’emity  of  this  canal  is  more  elevated  than 
the  internal.  This  disposition,  added  to  the  contraction  of  the 
orbicular  muscle,  of  which  the  fixed  point  is  in  the  ascending  pro- 
cess of  the  maxillary  bone,  directs  the  tears  towards  the  lachrymal 
points. 

This  explanation  is  defective.  The  eyelids  touch  each  other 
not  upon  a rounded  edge,  for  their  borders  are  planes  ; whence  the 
supposed  canal  cannot  exist.  In  fact,  when  the  eyelids  are  ex- 
amined upon  their  posterior  face,  after  they  are  shut,  the  line  which 


Excretion  of 
tears. 


• During  these  experiments  [See  my  Journal,  vol.  iv.  1824),  I observed  a 
very  remarkable  fact.  The  division  of  the  ophthalmic  nerve  was  constantly 
followed,  in  animals,  by  a violent  inflammation  and  copious  suppuration  of 
the  conjunctiva  ; but  the  surface  of  the  eye,  notwithstanding,  remained  com- 
pletely insensible. 
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Course  of 
tears  while 
awake. 


indicates  the  points  in  which  they  touch,  in  other  words  their  pos- 
terior line  of  contact,  can  scarcely  be  seen.  Even  admitting  the  ex- 
istence of  the  canal,  it  could  not  be  of  any  use  except  during  sleep  ; it 
would  then  remain  to  be  shown  how  they  flow  whilst  man  is  awake. 

Course  of  the  During  sleep,  and  in  every  case  in  which  the  eyelids  are  shut, 

tears  In  sleep,  tears  Spread  nearer  and  nearer  upon  all  the  surface  of  the  con- 
junctiva, both  of  the  palpebrae  and  eyeball  ; they  should  flow  in 
greatest  quantity  in  those  points  where  they  meet  with  the  least 
resistance.  The  direction  in  which  the  fewest  obstacles  are  pre- 
sented is  the  place  where  the  conjunctiva  passes  from  the  eye  to  the 
eyelids  ; in  this  direction  they  can  easily  arrive  at  the  lachrymal 
points.  The  tears  which  are  shed  upon  the  conjunctiva  must  mix 
with  the  fluids  secreted  by  this  membrane,  and  he  subject  to  the 
absorption  which  it  exerts. 

Things  do  not  go  on  thus  whilst  we  are  awake.  The  portion  of 
the  conjunctiva  which  is  in  contact  with  the  air,  allows  the  tears 
which  cover  it  to  evaporate  : I believe  this  is  the  principal  use 
of  nictation.  The  tears,  which  are  thus  upon  the  part  of  the  con- 
junctiva exposed  to  the  air,  spread  themselves  uniformly  over  the 
eye,  and  are  the  source  of  its  brilliancy  ; the  augmentation  or  di- 
minution of  this  stratum  has  a considerable  influence  on  the  expres- 
sion of  the  eyes  : in  looks  of  passion,  for  example,  in  which  the  eye 
flashes  with  peculiar  splendour,  its  depth  appears  sensibly  greater. 

In  the  ordinary  state  of  the  secretion  of  tears,  they  do  not  in  any 
manner  tend  to  flow  upon  the  external  surface  of  the  inferior  eye- 
lid, but  are  renewed  by  nictation.  I do  not  know  upon  what  prin- 
ciple is  founded  the  use  generally  attributed  to  the  Meibomian  se- 
cretion, of  opposing  this  overflow,  much  in  the  same  manner  that 
a little  oil  placed  on  the  edge  of  a vessel  prevents  the  overflowing 
of  an  aqueous  fluid  that  rises  above  its  level.  I doubt  the  possi- 
bility of  this  humour  performing  such  an  office,  for  it  is  soluble  in 
the  tears  *. 

Absorption  of  The  tears  that  are  not  evaporated,  or  not  absorbed  by  the  con- 

the  tears  by  ^ i i 

theig^^brymaijunctiva,  are  absorbed  by  the  lachrymal  canals,  and  carried  away 


Use  of  the 
Meibomian 
secretion,  to 
the  course  of 
the  tears. 


* [Thai  this  solution  takes  place  too  slowly  to  nullify  the  supposed  une- 
tuous  operation  of  this  product,  appears  sufficiently  from  its  being  so  fre- 
quently found  deposited  in  excess  at  the  inner  canthus,  which  could  not  hap- 
pen if  the  Meibomian  secretion  were  rapidly  soluble.  In  short,  it  imparts 
to  the  surface  of  the  tears  what  gum  does  to  water, — a tough  mucilaginous 
stratum,  disposed  to  adhere  to  other  bodies. — Tr.| 
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into  the  inferior  meatus  by  the  nasal  duct.  The  manner  in  which 
this  transition  is  effected,  is  still  unknown.®  There  have  been 
explanations  given  of  it,  one  after  another,  according  to  the  theory  of 
the  syphon,  of  capillary  tubes,  of  vital  properties,  &c.  : these  explana- 
tions are  uncertain.  The  absorption  of  the  tears  by  the  lachrymal 
points  is  not  at  all  evident,  except  when  they  are  very  abundant  in  the 
eyes:  but  at  that  time  it  is  performed  with  such  prompt  rapidity,  as  to 
call  for  an  almost  immediate  application  of  the  handkerchief  to  the 
nose:  an  effect  remarked  in  the  theatre  during  pathetic  exhibitions. 

Apparatus  of  vision. 

The  apparatus  of  vision  is  composed  of  the  eye  and  the  optic  Apparatus  of 

^ ^ X vision. 

nerve. 

The  position  of  the  eye  in  the  highest  part  of  the  body  ; the 
possibility  of  man  perceiving  one  object  with  both  eyes  at  the 
same  time  ; the  oblique  form  of  the  base  of  the  orbit  ; the  pro- 
tection that  the  eye  finds  in  this  cavity  against  every  external  vio- 
lence ; the  presence  of  a great  quantity  of  adipose  cellular  tissue, 
which  forms  a sort  of  elastic  cushion  at  the  bottom  of  the  orbit, 

&c.  ; — are  so  many  circumstances  that  should  not  be  neglected, 
but  of  which  we  can  here  barely  make  mention. 

The  eye  is  composed  of  parts  which  have  very  different  uses 
in  the  production  of  vision.  They  may  be  distinguished  into  re- 
fractive, and  non-refractive. 

The  refractive  parts  are  : 

A.  The  transparent  cornea,  a refractive  body,  convex  and  con-  Transparent 
cave,  which,  in  its  transparency,  its  form,  and  its  insertion,  pretty 

much  resembles  the  glass  that  is  placed  before  the  face  of  a watch. 

B.  The  aqueous  humour  which  fills  the  chambers  of  the  eye  ; Aqueous  hu- 
a liquid  which  is  not  purely  aqueous,  as  its  name  indicates,  but 

is  essentially  composed  of  water,  and  of  a little  albumen. 

C.  The  crystalline  humour,  which  is  improperly  compared  to  a crystaiune 
lens.  The  comparison  would  be  exact,  were  it  merely  for  the 

form  ; but  it  is  defective  in  regard  to  structure.®  The  crystalline 
lens  is  composed  of  concentric  layers,  the  hardness  of  which  increases 
from  the  surface  to  the  centre,  and  which  probably  possess  dif- 
ferent refractive  powers.  The  lens  is,  besides,  surrounded  by  a 
membrane,  which  has  a groat  effect  upon  vision,  as  experience 
teaches  us.  A dioptric  lens  is  homogeneous  in  all  its  parts  ; at  its 
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surface,  as  in  every  point  of  its  substance  ; it  possesses  every  where 
the  same  refractive  power.  However,  it  is  necessary  to  remark, 
that  the  curve  of  the  anterior  surface  of  the  lens  is  very  far 
from  being-  similar  to  that  of  the  posterior  aspect.  This  last  be- 
longs to  a sphere,  of  which  the  diameter  is  much  less  than  that  of 
the  sphere  to  which  the  curve  of  the  anterior  surface  belongs.® 
Until  now  it  has  been  understood  that  the  crystalline  lens  was  com- 
posed mostly  of  albumen  ; but  according  to  a new  analysis  of  M, 
Berzelius,  it  does  not  contain  any  : it  is  formed  almost  entirely  of 
water,  and  of  a peculiar  matter  that  has  a great  analogy,  in  its  che- 
mical properties,  to  the  colouring  matter  of  the  blood. 

D.  Behind  the  lens  is  the  vitreous  humour,  so  called,  because 
of  its  resemblance  to  melted  glass  *. 

Membrane  of  Each  of  the  parts  which  we  have  noticed  is  enveloped  by  a 
humour.  very  thin  membrane,  which  is  transparent  like  the  part  that  it 
covers:  thus,  before  the  cornea  is  the  conjunctiva;  behind  it  is  the 
membrane  of  the  aqueous  humour,'^  which  lines  all  the  anterior 
chamber  of  the  eye  ; that  is,  the  anterior  surface  of  the  iris,  and 
the  posterior  surface  of  the  cornea. 

Crystalline  The  lens  is  suiTounded  by  the  crystalline  capsule,  which  ad- 
capsuie.  }]ei-gs  by  its  circumference  to  the  membrane  that  covers  the  vi- 
treous humour.  This,  in  passing  from  the  circumference  of  the 
lens,  upon  the  anterior  and  posterior  surfaces  of  this  part,  leaves 


Cronni^™'  between  an  interval,  which  has  been  called  the  canal  goudronne? 

Hitherto  it  has  not  been  supposed  that  this  canal  communicated 
with  the  chamber  of  the  eye  ; but  M.  Jacobson  asserts  that  it  pre- 
sents a great  number  of  little  openings,  by  which  the  aqueous 
humour  can  pass  out  or  enter.  We  have  endeavoured  to  find  these 
openings,  but  without  success. 

Hyaloid  Xhe  vitreous  humour  is  also  surrounded  by  a membrane  called 

membrane.  ^ 

hyaloid.  This  membrane  does  not  alone  contain  this  humour,  it 
is  sent  down  amongst  it,  and  separating,  forms  it  into  cells.  The 
details  of  anatomy,  with  regai-d  to  the  disposition  of  these  cells, 
have  not  hitherto  added  any  thing  to  what  is  known  of  the  use  of 
the  vitreous  humour. 

The  eye  is  not  only  composed  of  parts  that  are  refractive,  but 


* According  to  M.  Berzelius,  the  vitreous  humour  contains,  of  water 
98-40;  albumen,  0-16  ; muriates  and  lactates,  J -42  ; soda,  with  an  animal 
matter  soluble  in  water  alone,  0-02;  total,  100-0. 
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it  is  composed  also  of  membranes  which  have  each  a particular 
use  f these  are  : — 

A.  The  sclerotic,  the  exterior  envelope  of  the  eye,  which  is  a Sclerotic, 
membrane  of  a fibrous  nature  ; it  is  thick  and  resisting,  and  its  use 

is.  evidently  to  protect  the  interior  parts  of  the  organ  ; it  serves 
besides  as  a point  of  insertion  for  many  muscles  that  move  the  eye. 

B.  The  choroid,  a vascular  and  nervous  membrane,  formed  by  choroid, 
two  distinct  plates  ; it  is  impregnated  with  a dark  matter,  which 

is  very  important  to  vision. 

C.  The  iris,  which  is  seen  behind  the  transparent  cornea,  is  iris, 
differently  coloured  in  different  individuals  ; it  is  pierced  in  the 
centre  by  an  opening  called  the  pupil,  wliich  dilates  or  contracts  Pupil, 
according  to  certain  circumstances  which  we  shall  notice.  The 

iris  adheres  outwardly,  and  by  its  circumference,  to  the  sclero- 
tic, by  a cellular  tissue  of  a particular  nature,  whicii  is  called  the  I'K"!- 
ciliary,  or  iridian  ligament.  There  are,  behind  the  iris,  a great 
numbet  of  white  lines  arranged  in  the  manner  of  rays,  which 
would  unite  at  the  centre  of  the  iris,  if  they  were  sufficiently  pro- 
longed : these  are  the  ciliary  processes. 

Neither  the  use  nor  the  structure  of  these  bodies  has  been  pro-  cmary  pro- 
perly  determined  : they  are  believed  by  some  to  be  nervous,  by 
others  to  be  muscular,  whilst  others  think  them  glandular,  or  vas- 
cular. The  truth  is,  their  real  structure  is  not  understood.  We 
shall  see,  on  proceeding  a little  farther,  that  the  case  is  the  same 
as  to  their  use. 

The  colour  of  the  iris  depends  on  its  structure,  which  is  vari-  coiom  or  the 
able,  and  on  that  of  the  dark  layer  of  its  posterior  surface,  the 
colour  of  which  shines  through  the  iris.  For  instance,  the  tissue 
of  the  iris  is  nearly  white  in  blue  eyes  ; in  this  case  the  dark  colour 
behind  appears  almost  alone,  and  determines  the  colour  of  the  eyes. 

Anatomists  differ  about  the  nature  of  the  tissue  of  the  iris  : some  Tissue  of  the 
think  it  entirely  like  that  of  the  choroid,  essentially  composed  of 
vessels  and  of  nerves  ; others  have  imagined  they  saw  a great  many 
muscular  fibres  in  it  ; others  consider  this  membrane  a tissue  sui 
generis  ; and  others  confound  it  with  the  erectile  structure.  M. 

Edwards  has  shown  that  the  iris  is  formed  by  four  layers  very 
easy  to  be  distinguished,  two  of  which  are  a contiimation  of  the 
laminae  of  the  choroid  ; a third  belongs  to  the  membrane  of  the 
aqueous  humour  ; and  a fourth  forms  the  proper  tissue  of  the  iris. 

According  to  the  latest  researches  upon  the  anatomy  of  the  iris, 

c 2 
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it  appears  certain  that  the  membrane  is  muscular,^  and  that  it  is 
composed  of  two  layers  of  fibres,  the  one  external  radiated,  which, 
dilates  the  pnpil,  the  other  circular,  concentric,  which  shuts  the 
opening.  The  external  circular  fibres  appear  to  be  supported  by 
a species  of  ring,  which  each  of  the  radiated  fibres  contribute  to. 
form,  and  in  which  they  slide,  during  the  alternate  contractions  and 
relaxations  of  the  pupil.  The  iris  receives  vessels  and  ciliary 
nerves,  the  latter  from  two  sources  ; the  ophthalmic  ganglion,  and 
the  nasal  branch  of  the  fifth  pair. 

Between  the  choroid  and  the  hyaloid  there  exists  a membrane 
essentially  nervous.  This  membrane,  known  by  the  name  of  the 
I'etina,  is  almost  transparent  ; it  presents  a slight  opacity,  and  a 
tmt  feebly  inclining  to  lilac  ; it  is  composed  of  the  expansion  of 
filaments  which  compose  the  optic  nerve.  M.  Ribes  does  not 
consider  it  as  such  ; he  thinks  that  it  forms  a particular  membrane, 
in  which  the  branches  of  the  optic  nerve  are  distributed.  He 
then  establishes  an  analogy  between  the  retina  and  the  other  mem- 
branes *.  The  retina  presents,  about  two  lines  outwai'dly  from  the 
entrance  of  the  optic  nerve,  a yellow  spot,  Tache  jaune,  and  be- 
side it  a number  of  folds.  These  appearances  are  found  only  in 
man,  in  apes,  and  in  some  reptiles.^ 

The  eye  receives  a great  number  of  vessels,  the  ciliary  ar- 
teries  and  veins  ; and  many  nerves,  the  greater  part  of  which 
come  from  the  ophthalmic  ganglion. 

Optic  Nerve. 

This  nerve  preserves  the  communication  between  the  brain  and 
the  eye.  It  does  not  come  from  the  optic  thalamus,  as  many  ana- 
tomists imagine  it  originates, — from  the  anterior  part  of  the 
corpora  quadrigemina  ; 2d,  from  the  corpus  geniculatum  exter- 
num, a prominence  which  is  seen  a little  before,  and  without 
these  tubercles  ; 3c?,  and  lastly,  from  the  lamina  of  grey  substance 
placed  between  the  adhesion  of  the  optic  nerves  at  the  mamillary 
eminences,  and  which  is  known  by  the  name  of  tuber  cinereum. 
The  two  opposite  nerves  approach  each  other,  and  are  seen  to 
join  upon  the  superior  aspect  of  the  body  of  the  sphenoid  bone. 
There  have  been  many  endeavours  made  to  determine  if  they  cross 

• Jacob  has  lately  proved  the  retina  to  be  composed  of  two  distinct  mem- 
branes. (Vide  Jacob  on  the  eye.)  , 
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each  other,  if  they  merely  lie  upon  one  another,  or  if  they  com- 
pletely mix  and  become  confounded.  Dr  Wollaston  has  lately 
supposed  that  they  merely  decussate  by  their  internal  halves  ; — 
and  this  question  was  not  till  lately  solved  *,  Pathology  affords  evi- 
dence in  favour  of  all  these  opinions  : thus  the  right  eye  being 
long  wasted,  the  optic  nei've  has  been  seen  on  the  same  side  like- 
wise wasted  in  its  whole  length.  In  other  cases  in  which  the 
right  eye  was  destroyed,  the  anterior  portion  of  the  nerve  of  the 
same  side  has  been  seen  in  a state  of  evident  decay,  and  the  pos- 
|i  terior  portion  of  the  left  nerve  exactly  like  it.  Some  have  thought 
that  the  crossing  of  the  optic  nerves  which  takes  place  in  the  eyes 
of  fishes,  is  sufficient  to  remove  every  doubt  ; this  fact,  at  the  most, 
furnishes  only  probability,  but  experiment  removes  all  difficulties,  structure  of 
I divided  the  right  optic  nerve  of  a rabbit  behind  the  point  ofnerv&*"^ 
decussation  (commissure),  the  sight  of  the  left  eye  was  lost.  I 
devided  the  left  nerve,  and  vision  was  totally  abolished.  I sepa- 
rated the  commissure  into  two  equal  portions  by  a section  along 
the  median  line,  and  the  animal  instantly  became  blind, — a fact 
which  not  only  proves  the  decussation,  but  that  it  is  complete,  not 
partial,  as  the  learned  Wollaston  supposes  *. 

The  optic  nerve  is  not  formed  of  a fibrous  envelope,  and  of  a 
central  pulp,  as  the  ancients  supposed  ; it  is  composed  of  very  fine 
threads  placed  side  by  side,  and  communicating  with  each  other, 
like  the  other  nerves.  This  disposition  is  very  evident  in  that 
i portion  of  the  nerve  which  extends  from  the  sella  turcica  to  the 
globe  of  the  eye. 

jj  Mechanism  of  vision. 

In  order  the  better  to  explain  the  action  of  light  in  the  eye,  let  us  Mechanism  of 
i suppose  a luminous  cone  commencing  in  a point  placed  in  the  pro- 
longation  of  the  anterio-posterior  axis  of  the  eye.  We  see  that 
only  the  light  which  falls  upon  the  cornea  can  be  useful  for  vision  ; 


* I have  proved  the  fact  of  decussation  in  a different  way  upon  birds.  1 
emptied  the  eye  of  a pigeon,  and,  fifteen  days  after,  examined  the  optic  ap- 
paratus ; when  Î found  the  nervous  matter  vanished,  the  nerve  wasted,  an- 
terior to  the  decussation  on  the  side  of  the  emptied  eye,  and,  on  the  opposite  side, 
behind  the  decussation. 
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that  which  falls  on  the  white  of  the  eye,  the  eyelids  and  eyelashes, 
contributes  nothing  ; it  is  reflected  by  those  parts  differently  ac- 
cording to  their  colour.  The  cornea  itself  does  not  receive  the 
light  on  its  whole  extent  ; for  it  is  generally  covered  in  part  by 
the  border  of  the  eyelids. 

Use  of  the  cornea. 

The  cornea  having  a fine  polish  on  its  surface,  as  soon  as  the  light 
reaches  it,  part  of  it  is  reflected,  which  contributes  to  form  the  bril- 
liancy of  the  eye.  This  same  reflected  light  forms  the  images  which 
one  sees  behind  the  cornea.  In  this  case  the  cornea  acts  as  a 
convex  mirror  *.  The  fonn  of  the  cornea  indicates  the  influence  it 
should  have  upon  the  light  which  enters  the  eye  : on  account  of 
its  thickness,  it  only  causes  the  rays  to  converge  a little  towards 
the  axis  of  the  pencil  ; in  other  words,  it  increases  the  intensity  of 
the  liglit  which  penetrates  into  the  anterior  chamber. 

Use  of  the  aqueous  humour. 

The  rays,  in  traversing  the  cornea,  pass  from  a more  rare  to  a 
denser  medium  ; consequently  they  ought  to  converge  from  the 
perpendicular  towards  the  point  of  contact.  If,  on  entering  into 
the  anterior  chamber,  they  passed  out  again,  they  would  diverge 
as  much  from  the  perpendicular  as  they  had  converged  before,  and 
would,  therefore,  assume  their  former  divergence  ; but  as  they 
enter  into  the  aqueous  humour,  which  is  a medium  more  refrac- 
tive than  air,  they  incline  less  from  the  perpendicular,  and  conse- 
quently diverge  less  than  if  they  had  passed  back  into  the  air. 

Of  all  the  light  transmitted  to  the  anterior  chamber,  only  that 
which  passes  the  pupil  can  be  of  use  to  vision  ; all  that  which  falls 
upon  the  iris  is  reflected,  returns  through  the  cornea,  and  exhibits 
the  colour  of  the  iris. 

In  traversing  the  posterior  chamber,  the  light  undergoes  no  new 
modification,  as  it  proceeds  always  in  the  same  medium,  the  aque- 
ous humour. 

* I have  discovered  by  experiment,  that  the  physical  properties  of  the 
cornea  depend  on  the  integrity  of  the  tilth  pair.  That  membrane  becomes 
opake  and  ulcerates  after  the  division  of  the  nerve.  (See  NuTKlTlON,  m- 
Jra.J 
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Uses  of  the  crystalline  lens. 

It  is  in  traversing  the  crystalline  lens  that  light  undergoes  the  most  uses  of  the 
important  modification.  Philosophers  compare  the  action  of  this 
body  to  that  of  a lens,  the  use  of  which  would  be  to  assemble  all  the 
rays  of  any  cone  of  light  upon  a certain  point  of  the  retina.  But 
as  the  crystalline  humour  is  very  far  from  being  a lens  *,  we  merely 
mention  this  opinion,  which  is  generally  received,  to  remark  that 
it  merits  a fresh  investigation.  The  only  thing  positive  which  can 
be  said  on  the  subject  is,  that  the  lens  must  increase  the  in- 
tensity of  the  light  which  is  directed  towards  the  bottom  of  the 
eye,  with  an  energy  proportionate  to  the  convexity  of  its  poste- 
rior surface.  It  may  be  added,  that  the  light  which  passes  near 
the  circumference  of  the  lens,  is  probably  reflected  in  a different 
manner  from  that  which  passes  through  the  centre  t ; and  that 
therefore  the  contraction  and  dilatation  of  the  pupil  must  possess 
an  influence  upon  the  mechanism  of  vision,  which  deserves  the  at- 
tention of  philosophers. 

The  whole  of  the  light  which  arrives  at  the  anterior  surface  of 
the  crystalline  lens,  does  not  penetrate  into  the  vitreous  humour  ; 
it  is  partly  reflected.  One  part  of  this  reflected  light  traverses  the 
aqueous  humour  and  the  cornea,  and  contributes  to  form  the  bril-  use  of  the 

« I 1 r 11  1 • c r \ Blatter 

iiancy  of  the  eye  ; another  falls  upon  the  posterior  surface  of  the  which  covers 

..  I'l  111  111  c 11  posterior 

ins,  and  is  absorbed  by  the  dark  matter  found  there.  surface  of  the 

It  is  probable  that  something  of  this  sort  happens  at  every  one 
of  the  strata  or  layers  which  forms  the  lens. 

Uses  of  the  vitreous  humour. 

The  vitreous  humour  possesses  a less  refractive  power  than  the  uae  of  the 
crystalline  ; consequently  the  rays  of  light  which,  after  having  mour. 
passed  the  crystalline,  penetrate  into  the  vitreous  body,  diverge 
from  the  perpendicular  at  the  point  of  contact. 

Its  use  then,  with  regard  to  the  direction  of  the  rays  in  the  eye, 

* See  page  33. 

•j-  The  structure  of  the  crystalline  may  perhaps  have  the  efiect  of  correct- 
ing that  aberration  which  is  alw'ays  produced  by  the  sphericity  of  an  ordinary 
lens. 
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is  to  increase  their  convergence.  It  might  be  said,  that,  in  order  to 
produce  the  same  result,  nature  had  only  to  render  the  crystal- 
line a little  more  refractive  ; but  the  vitreous  humour  has  another 
most  essential  use,  which  is,  to  give  a larger  extent  to  the  retina, 
and  thus  to  increase  the  field  of  vision. 

What  we  said  about  a cone  of  light,  commencing  in  a point 
placed  in  the  prolongation  of  the  anterio-posterior  axis  of  the  eye, 
must  be  repeated  for  every  luminous  cone  commencing  in  other 
points,  and  directed  towards  the  eye  ; with  this  difference,  that,  in 
the  first  case,  the  light  tends  to  unite  at  the  centre  of  the  retina  ; 
whilst  the  light  of  the  other  cones  tends  to  unite  in  different  points, 
according  to  that  from  which  they  commence.  Thus  the  luminous 
cones  commencing  from  below,  unite  at  the  upper  part  of  the  re- 
tina, whilst  those  that  come  from  above  unite  at  the  lower  part 
of  this  membrane.  The  other  rays  follow  a direction  analogous  ; 
so  that  there  will  be  formed  at  the  bottom  of  the  eye  an  exact 
lepresentation  of  every  body  placed  before  it,  with  this  difference, 
that  the  images  will  be  inverted,  or  in  a position  contrary  to  that 
of  the  objects  they  represent.® 

This  result  is  ascertained  by  different  means.  For  this  pur- 
pose, eyes,  constructed  artificially  of  glass,  which  represent  the 
transparent  cornea,  and  the  crystalline  ; and  of  water,  which 
represents  the  aqueous  and  vitreous  humours,  have  long  been 
employed.  There  was  another  method  generally  in  use,  before 
the  publication  of  my  memoir  upon  the  images  which  are  formed 
at  the  bottom  of  the  eye.  It  consists  in  placing  in  the  window- 
shutter  of  a dark  chamber  the  eye  of  some  animal  (as  of  a sheep 
or  an  ox),  taking  care  to  remove  the  posterior  part  of  the  scle- 
rotic. The  images  of  objects  placed  so  as  to  send  rays  back  to 
the  pupil,  are  then  distinctly  seen  upon  the  retina.'^ 

The  same  process  was  known  to  Malpighi  and  to  Haller  *. 
There  is  another  that  is  peculiar  to  myself,  which  is  in  employ- 
ing the  eyes  of  albino  animals,  such  as  those  of  white  rabbits,  white 
pigeons,  white  mice  ; perhaps  the  eyes  of  albino  men  also  might 
be  suitable  for  this  purpose.  These  eyes  present  the  most  favour- 
able conditions  for  the  success  of  this  experiment  ; the  sclerotic 


El,  Thys.  V.  4.69. 
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is  very  thin  in  them,  and  almost  completely  transparent  ; the 
choroid  is  equally  thin,  and  as  soon  as  the  animal  is  dead,  the 
blood  from  which  it  derived  its  colour  disappears  ; it  then  can  pre- 
sent no  sensible  obstacle  to  the  passage  of  light.  The  clearness 
and  facility  with  which  the  images  are  seen  in  following  this  pro- 
cess, suggested  to  me  an  idea  of  making  some  experiments  for  the 
purpose  of  invalidating  or  confirming  the  theory  which  is  generally 
admitted  with  respect  to  the  mechanism  of  vision.  ® 

If  there  be  a small  opening  made  in  the  transparent  cornea,  by 
which  a small  quantity  of  the  aqueous  humour  is  made  to  pass  out 
of  the  eye,  the  image  is  no  longer  so  distinct  ; the  same  thing  hap- 
pens if  a small  quantity  of  the  vitreous  humour  is  pressed  out  of 
the  eye  by  a little  incision  in  the  sclerotic  ; this  proves  that  the 
proportions  of  the  aqueous  and  vitreous  humours  are  in  a certain 
relation  to  the  perfection  of  vision. 

I have  endeavoured  to  determine  the  law  of  the  dimensions  of 
the  image  relatively  to  the  distance  of  the  object  : I have  found 
that  the  size  of  the  image  is  sensibly  proportional  to  the  distance. 

M.  Biot  assisted  me  in  the  verification  of  this  result,  which  other- 
wise agrees  with  that  given  by  Lecat  in  his  Treatise  of  Sensations. 

This  author  employed  artificial  eyes  in  his  researches. 

I made  a small  opening  in  the  circumference  of  the  transparent  Experiments 
cornea,  near  its  junction  with  the  sclerotic,  and  drew  out  all  thefm™^”tatte 
aqueous  humour  by  this  aperture  ; the  image,  a burning  taper,  ap- 
peared,  every  thing  else  being  the  same,  to  occupy  a greater  space 
upon  the  retina  ; it  was  much  less  defined,  and  less  intense  than 
the  image  of  the  same  object,  seen  in  the  other  eye  of  the  animal, 
which  I had  placed  in  a relative  position  as  to  the  taper,  but  which 
had  been  preserved  entire  for  the  purpose  of  comparison  : — this  is 
exactly  in  unison  with  what  we  said  as  to  the  use  of  the  aqueous 
humour  in  vision. 

The  same  thing  happens  with  regard  to  the  cornea  ; if  it  is  en- 
tirely removed  by  a circular  incision  made  at  the  union  of  this 
membrane  with  the  sclerotic,  there  is  no  change  in  the  dimensions 
of  the  image,  but  the  light  loses  much  of  its  intensity. 

We  observe  that  the  size  of  the  opening  of  the  pupil  has  pro- 
bably an  influence  upon  the  mechanism  of  vision.  After  having 
removed  the  cornea,  the  pupil  can  be  easily  enlarged  by  a circu- 
lar incision  in  the  tissue  of  the  iris.  In  this  case  also  the  image 
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becomes  enlarged.  As  tbe  use  of  the  crystalline  lens  is  to  increase 
the  brightness  and  perfect  form  of  the  image,  in  diminishing  its 
size,  it  might  be  supposed  that  the  absence  of  this  body  would 
produce  a contrary  effect.  When,  by  an  operation  like  that  of  cata- 
ract, the  crystalline  lens  has  been  extracted  from  the  eye,  the  image 
is  still  formed  at  the  bottom  of  the  eye,  but  considerably  increased  ; 
it  becomes  four  times  as  large  as  that  formed  by  a perfect  eye,  the 
other  conditions  being  the  same  ; in  other  respects  it  is  very  ill 
defined,  and  the  light  which  composes  it  is  very  feeble. 

Experiments  If  from  the  same  eye  the  aqueous  humour,  the  crystalline,  the 
on  the  images  ^ , 

formed  in  the  transparent  cornea,  are  taken  away,  and  only  tbe  crystalline  capsule 

and  the  vitreous  humour  are  left  for  media,  there  is  no  longer  any 

image  formed  on  the  retina  ; the  light  passes  through  to  it  very 

well,  but  there  is  no  appearance  of  form. 

The  most  of  these  results  agree  sufficiently  with  the  theory  of 
vision,  as  at  present  received.  There  is,  however,  one  exception, 
which  is  the  perfectness  of  the  image.  In  theory,  whatever  is  the 
distance  of  the  object,  the  eye  ought  to  change  its  form  in  order  to 
produce  a perfect  image,  or  else  the  lens  to  be  carried  forwards  or 
backwards,  according  to  the  distance  *.  But  here  experience  is 
contrary  to  theory,  which  renders  all  the  explanations  which  have 
been  proposed  on  this  subject  of  no  avail.  ^ 

It  would  be  erroneous,  however,  to  suppose,  that  things  hap- 
pen exactly  the  same  with  the  eye  of  a living,  as  with  that  of  a 
dead  animal.  In  the  living  animal  there  is  a very  great  difference, 
which  is,  that  the  pupil  dilates  or  contracts  according  to  the  in- 
tensity of  the  light,  and  perhaps  according  to  the  distance.  Ob- 
servation teaches  us,  that  when  the  object  is  much  illuminated,  the 
pupil  contracts  so  much  that  tbe  opening  of  it  is  scarcely  visible, 
which  cannot  fail  to  diminish  the  image.  But,  on  the  contrary, 
when  the  object  is  very  little  illuminated,  the  pupil  becomes  very 
much  dilated,  which  ought  to  produce  a considerable  increase  of 
the  image. 

• These  changes  in  the  form  of  the  ej'e,  or  in  the  position  of  the  crystal- 
line lens,  have  been  successively  ascribed  to  compression  of  the  globe  of  the 
eye  by  its  muscles,  to  contraction  of  the  lens,  of  the  ciliary  processes,  &c. 
Of  late,  M.  Jacobson  has  ascribed  them  to  the  entry  or  exit  of  water  from 
the  canal  of  Petit.  M.  Simonoff,  a learned  Russian  astronomer,  maintains, 
from  calculation,  that  it  is  not  necessary  the  eye  should  change  its  form. — ■ 
(.Tourn,  do  Phys,  iv.  260.) 
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Motions  of  the  Iris. 


The  pupil  contracts,  and  almost  entirely  shuts  itself,  if  a very 
intense  light  is  made  to  fall  upon  the  eye.  If  we  pass  from  a 
very  dark  place,  or  have  remained  for  some  time  under  a very  weak 
light,  the  same  effect  takes  place  ; the  pupil  becomes  rapidly  con- 
tracted. 

Some  authors  maintain,  that  the  pupil  varies  its  dimensions, 
according  to  the  distance  of  the  object.  This  fact  has  not  been 
sufficiently  demonstrated  ; it  is  a great  deal  more  probable  opinion, 
that  the  will  exerts  a sensible  influence  over  the  contraction  of  the 
pupil.  If  I am  not  mistaken,  I have  observed  this  phenomenon. 
At  all  events,  the  attention  and  efforts  whicti  we  make  to  view 
petty  objects  distinctly,  gives  origin  to  the  contraction  of  the  pupil. 
I have  ascertained  this  in  the  following  manner  : — I selected  a per- 
son wiiose  pupil  was  very  movable  ; for  there  exist  great  differences 
in  this  respect.  I placed  one  sheet  of  paper  in  a fixed  position 
with  regard  to  the  eye  and  the  light,  and  ascertaining  the  state  of 
the  pupil,  I requested  the  person  to  endeavour,  without  moving  his 
head  or  eyes,  to  read  the  small  characters  which  were  traced  upon 
the  paper.  Instantly  I saw  the  pupil  contract,  and  its  constriction 
continue  during  the  whole  effort.  Birds  appear  to  enlarge  or  con- 
tract the  pupil  at  pleasure. 

That  the  iris  move,  and  its  aperture  contract,  it  is  necessary 
that  light  have  access  to  the  bottom  of  the  eye  ; the  fluid  itself, 
directed  upon  the  iris,  excites  not  the  least  action. 

MM.  Fowler  and  Rinhold  have  found  that  galvanic  excitement, 
directed  upon  the  eye  of  man  and  of  animals,  causes  the  contrac- 
tion of  the  iris.  Doctor  Nysten  has  also  proved  the  same  upon 
the  bodies  of  malefactors,  upon  which  the  experiment  was  made  a 
short  time  after  death.  But  must  we  conclude,  according  to  the 
above-mentioned  authors,  that  the  motions  of  the  iris  ought  to  be 
considered  as  muscular  motions  ? I do  not  think  so.  In  these  ex- 
periments the  retina,  as  well  as  the  iris,  has  been  subjected  to  the 
galvanic  current  ; and  there  has  been  nothing  to  prove  that  the 
contraction  of  the  iris  was  not  the  effect  of  the  irritation  produced 
on  tlie  retina. 

If  we  divide  the  optic  nerve  in  a living  animal,  the  pupil  becomes 


Contraction 
of  the  iris. 


Motion  of  the 
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immovable  and  dilated  ; the  same  thing  happens  to  cats  and  dogs, 
when  we  divide  the  fifth  pair.  Upon  rabbits  and  guinea-pigs,  on 
the  contrary,  the  pupil  contracts,  in  consequence  of  the  division  of 
that  nerve.  The  section  of  these  nerves  ceasing,  causes  also  the 
motions  of  the  pupil  to  cease  ; and  Mr  H.  Mayo  has  ascertained 
that,  upon  birds,  the  division  of  the  third  pair  produces  also  immo- 
bility of  the  same  opening.  Thus  the  motions  of  the  iris  are  sub- 
ject to  nervous  influence  ; and  if  we  call  to  mind  the  disposition  of 
the  fibres  of  that  membrane,  we  cannot  help  regarding  them  as 
muscular  movements,  though  they  still  diflfer  in  this,  as  we  have 
seen,  that  they  cannot  be  excited  by  direct  irritation  *. 

The  ciliary  nerves  of  man  are  derived  from  two  sources;  the 
most  numerous  series  arises  from  the  ganglion  ; the  other  directly 
from  the  nasal  nerve.  It  is  probable  that  the  first  preside  over  the 
dilatation,  the  second  over  the  contractions  of  the  iris  ; but  nothing 
has  hitherto  fully  established  that  point.  {Journ.  Phys.  iv.) 

Uses  of  the  choroid  membrane. 

The  choroid  is  of  use  to  vision,  principally  by  the  dark  mat- 
ter with  which  it  is  impregnated,  and  which  absorbs  the  light  im- 
mediately after  it  has  traversed  the  retina.  One  may  consider,  as 
a confirmation  of  this  opinion,  what  happens  to  some  individuals 
in  whom  some  parts  of  this  membrane  become  varicose  ; the  di- 
lated vessels  throw  off  the  dark  matter  which  covered  them,  and 
every  time  that  the  image  of  the  object  falls  upon  the  point  of  the 
retina  corresponding  to  these  vessels,  the  object  appears  spotted 
with  red. 

The  state  of  vision  in  albino  men  and  animals,  in  which  the 
choroid  and  the  iris  are  not  coloured  black,  supports  still  more 
this  assertion  ; vision  is  extremely  imperfect  in  them  : during  the 
day,  they  can  scarcely  see  sufficiently  to  go  about. 


• Individuals  weakened  by  venereal  excesses,  or  labouring  under  tabes 
mesenterica,  worms,  or  hydrocephalus,  have  the  pupil  enlarged;  narcotic 
plants,  particularly  belladona,  applied  for  some  hours  on  the  conjunctiva, 
dilate  the  pupil  : in  cerebral  affections,  it  is  sometimes  contracted,  some- 
times dilated.  Its  motions,  in  general,  indicate  the  state  of  sensibility  in  the 
retina.  The  consideration  of  these,  and  of  its  state,  is  peculiarly  serviceable 
in  medicine. 
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Mariette,  Lecat,  and  others,  have  allowed  to  the  choroid  the 
faculty  of  perceiving  light.  This  idea  is  completely  without 
proof  *. 

Uses  of  the  ciliary  processes- 

We  know  very  little  that  is  certain  of  the  ciliary  processes,  uses  of  the 
They  are  generally  supposed  contractile  but  some  think  that  they  œs?S 
are  destined  to  the  motions  of  the  iris,  whilst  others  imagine  they 
are  intended  to  bring  forward  the  crystalline  lens.  Their  use,  ac- 
cording to  M.  Jacobson,  is  to  dilate  the  openings,  which  he  pre- 
tends the  canal  of  Petit  presents  anteriorly,  so  as  to  give  an  entry 
into  this  canal  to  a portion  of  the  aqueous  humour,  the  result  of 
which  would  be  to  displace  the  lens.  There  are  also  some  per- 
sons who  believe  that  the  ciliary  processes  are  the  secreting  organs 
of  the  dark  matter  of  the  posterior  aspect  of  the  ins  and  the  cho- 
roid, 6r  even  of  a part  of  the  aqueous  humour. 

Mr  Edwards  has  announced,  in  a memoir  upon  the  anatomy 
of  the  eye,  that  they  contribute  principally  to  the  secretion  of  the 
aqueous  humour  +.  M.  Hibes  has  given  the  same  opinion  ; he 
adds,  that  the  ciliary  processes  support  life  and  motion  in  the  crys- 
talline and  vitreous  humour.  There  are,  however,  animals  that 
have  no  ciliary  processes,  and  in  which  these  humours  exist.  Hal- 
ler thinks  that  their  use  is  to  maintain  the  lens  in  the  most  advan- 
tageous position.  According  to  this  anatomist,  they  adhere  to 
the  crystalline  capsule,  both  by  their  points,  and  by  their  posterior 
aspect,  by  means  of  the  dark  matter  with  which  they  are  covered. 

In  fact,  we  know  not  the  use,  or  even  the  vital  properties  of  those 
parts. 

Action  of  the  retina. 

If  we  here  treat  of  the  action  of  the  retina  by  itself,  it  is  to  faci-  Action  of  the 
litate  the  study  of  this  function  ; in  reality,  the  action  of  this  part 
cannot  be  separated  from  that  of  the  optic  nerve,  and  still  less 


* A great  number  of  animals,  whose  sight  is  excellent,  have  the  choroid 
coat  enamelled  with  lively  colours.  (Desmoulins,  Journ.  de  Phys.  iv.  89.) 

•p  The  celebrated  Dr  T.  Young  of  London,  has  published  a similar  opi- 
nion, some  years  ago.  — See  the  Philosophical  Transactions. 
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from  the  action  of  the  brain.  The  action  of  tiie  retina  is  a vita! 
action  ; the  mechanism  of  it  is  completely  unknown. 

The  retina  receives  the  impression  of  light,  when  it  is  within 
certain  limits  of  intensity.  A very  feeble  light  is  not  felt  by  the 
retina  ; too  strong  a light  hurts  it,  and  renders  it  unfit  for  action. 

When  the  retina  receives  too  strong  a light,  the  impression  is 
called  dazzling  ; the  retina  is  then  incapable  for  some  time  of  feel- 
ing the  presence  of  the  light.  This  happens  when  one  looks  at 
the  sun.  After  having  been  long  in  the  dark,  even  a very  feeble 
light  produces  dazzling.  When  the  light  is  exceedingly  weak,  and 
the  eye  made  to  observe  objects  ilarrowly,  the  retina  becomes  fa- 
tigued, there  follows  a painful  feeling  in  the  orbit,  and  also  in  the 
head. 

A light,  of  which  the  intensity  is  not  very  strong,  but  which 
acts  for  a certain  time  upon  a determined  point  of  the  retina,  ren- 
ders it  at  last  insensible  in  this  point.  When  we  look  for  some 
time  at  a white  spot  upon  a black  ground,  and  afterwards  carry 
the  eye  to  a white  ground,  we  seem  to  perceive  a black  spot  ; this 
happens  because  the  retina  has  become  insensible  in  the  point 
which  was  formerly  fatigued  by  the  white  light.  In  the  same 
manner,  after  the  retina  has  been  some  time  without  acting  in 
one  of  its  points,  whilst  the  others  have  acted,  the  point  which 
has  been  in  repose  becomes  of  an  extreme  sensibility,  and  on  this 
account  objects  seem  as  if  they  were  spotted.  In  this  manner  it  is 
explained,  why,  after  having  looked  a long  time  at  a red  spot, 
white  bodies  appear  as  if  spotted  with  green  : in  tliis  case,  the 
retina  has  become  insensible  to  the  red  rays,  and  we  know  that  a 
ray  of  white  light,  from  which  the  red  is  subtracted,  produces  the 
sensation  of  green. 

The  same  sort  of  phenomena  happen  when  we  have  looked  long 
at  a red  body,  or  one  of  any  other  colour,  and  afterwards  look  at 
white,  or  differently  coloured  bodies.  We  perceive  with  facility 
the  direction  of  the  light  received  by  the  retina.  We  believe 
instinctively  that  light  proceeds  in  a right  line,  and  that  this  line 
is  the  prolongation  of  that  according  to  which  the  light  penetrated 
into  the  cornea.  Therefore,  whenever  the  light  has  been  modi- 
fied in  its  direction,  before  reaching  the  eye,  the  retina  ceases  to 
give  us  any  certain  information.  Optical  illusions  proceed  princi- 
pally from  this  cause. 
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The  retina  can  receive  at  the  same  time  impressions  in  every 
point  of  its  extent,  but  the  sensations  which  result  from  them  are 
then  incorrect.  It  may  be  affected  by  the  image  of  one  or  two 
objects  only,  though  a much  greater  number  be  impressed  on  it  ; 
the  vision  is  then  much  more  defined. 

The  central  part  of  the  membrane  appears  to  possess  much  more 
sensibility  than  the  rest  of  its  extent  ; we  therefore  make  the 
image  fall  on  this  part  when  we  wish  to  examine  an  object  with 
attention. 

' Does  the  light  act  upon  the  retina  by  simple  contact  only,  or 
must  it  traverse  this  membrane?  The  presence  of  the  choroid 
in  the  eye,  or  rather  the  dark  matter  which  covers  it,  renders  the 
second  opinion  the  most  probable. 

That  part  of  the  retina  which  corresponds  with  the  centre  of 
the  optic  nerve,  has  been  said  to  be  insensible  to  the  impression 
of  light.  I know  nothing  which  can  directly  prove  this  assertion*  ; 
for  I am  not  satisfied  with  the  experiment  of  Mariotte.^ 

All  that  has  been  said  upon  the  subject  is  accurate,  as  far  as 
regards  a mere  phenomenon  of  vision  ; but  to  affirm  that  it  depends 
upon  the  retina,  would  be  far  from  scientific  rigour  : and  this  seve- 
ral new  facts,  with  which  science  has  lately  been  enriched,  will 
fully  demonstrate. 

Originally  physiologists  agreed  in  considering  the  retina  as  the 
most  sensible  part  of  the  nervous  system  : its  sensibility  is  so  ex- 
quisite, said  they,  that  the  contact  of  a fluid  so  subtile  as  light, 
suffices  to  produce  upon  it  a vehement  impression.  I have  ascer- 
tained by  experiment,  on  the  contrary,  that  the  sensibility  of  the 
retina  is  extremely  obscure,  if  it  at  all  exist.  A cataract  needle 
plunged  into  the  posterior  cavity  of  the  eye,  may  tear  or  puncture 
the  retina,  and  yet  produce  scarcely  any,  or  no  effect,  upon  the 
senses.  The  simple  contact  of  down  upon  the  conjunctiva,  pro- 
duces a sensation  much  more  lively.  Thus,  far  from  the  retina 
being  the  prototype  of  sensible  organs,  its  sensibility  may  fairly  be 
called  in  question. 

• Were  even  the  experiment  of  Mariotte,  cited  in  all  works  on  natural 
philosophy,  correct,  which,  however,  I much  doubt,  still  it  would  be  wrong 
to  conclude  that  the  retina  is  insensible  at  the  point  corresponding  to  the 
centre  of  the  optic  nerve. 


The  central 
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But  is  it  at  least  the  nervous  agent  destined  to  receive  the  im- 
pressions imparted  by  light  ? According  to  the  ideas  which  have 
hitherto  prevailed,  it  is  difficult  to  comprehend  how  such  a ques- 
tion can  be  proposed. 

Notwithstanding,  we  shall  see  that,  according  to  my  experience, 
nothing  is  more  natural.  I have  cut  the  fifth  pair  of  nerves  in  an 
animal,  and  instantly  it  lost  the  sight  of  the  same  side.  1 divided 
that  of  the  opposite  side,  the  animal  became  immediately  blin<l. 
The  light  of  day,  even  a strong  artificial  light,  concentrated  by  a 
lens,  gave  not  any  indication  of  having  produced  an  impression. 

The  confusion  that  this  result,  established  by  a great  number  of 
trials,  occasioned  in  my  reflections,  will  scarcely  be  credited.  Was 
it  possible,  I inquired,  that  the  retina  is  not  the  principal  organ  of 
the  eye  for  the  perception  of  light?  Could  that  by  possibility 
be  the  nerve  of  the  fifth  pair  ? To  inform  myself  on  this  point,  I 
divided  the  optic  nerve  at  its  entrance  into  the  eye  : if  the  nerve 
of  the  fifth  pair,  or  any  other,  could  feel  the  light,  the  section 
which  I had  made  ought  not  to  aflfect  its  operation.  But  the 
event  was  different  ; sight  became  completely  abolished,  and  all 
sensibility  also,  even  for  the  strongest  light,  as  that  of  the  sun  con- 
centrated by  a lens. 

I now  wished  to  submit  to  this  last  proof  an  animal  in  which 
the  fifth  pair  of  nerves  alone  was  divided  ; and  in  this  I easily 
ascertained,  that  by  passing  the  eye  briskly  from  the  shade  to  the 
direct  light  of  the  sun,  an  impression  was  made,  for  the  palpebrae 
became  shut.  All  sensibility  is  not  therefore  lost  in  the  retina  by 
the  division  of  the  fifth  pair,  though  there  only  remains  of  it  a slen- 
der portion  ; and  that  membrane  only  contributes  to  vision  through 
the  medium  of  another  nerve.  We  shall  afterwards  see,  that 
nearly  the  same  thing  happens  in  two  other  senses. 

Action  of  the  optic  nerve. 

Action  of  the  It  is  probable  that  the  optic  nerve  transmits  to  the  brain,  in  an 
optic  nerve,  instant,  the  impression  made  by  light  upon  the  retina  ; 

but  by  what  mechanism,  we  are  totally  ignorant. 

The  optic  nerve,  submitted  to  experiment,  offers  the  sàme^pro- 
perties  as  the  retina,  with  which  it  is  continuous.  It  is  insensi- 
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ble  to  puncture,  section,  laceration,  and  its  action  in  vision  is 
under  the  influence  of  the  fifth  pair. 

With  respect  to  its  decussation  with  that  of  the  opposite  side, 
there  remains  no  doubt  that  this  exists  ; the  facts  that  I have 
stated  appear  demonstrative. 

This  anatomical  arrangement  undoubtedly  has  great  influence 
upon  the  transmission  of  impressions  received  by  the  eyes  ; but 
that  is  still  a subject  upon  which  it  is  difficult  to  hazard  even  a 
plausible  conjecture. 

Action  of  the  two  eyes. 

Notwithstanding  what  has  been  said  at  different  periods,  as 
well  as  the  late  efforts  of  M.  Gall,  to  prove  that  we  see  with  only 
one  eye  at  a time,  there  seems  sufficient  proof,  not  only  that  the 
two  eyes  concur  at  the  same  time  in  the  production  of  vision, 
but  that  it  is  absolutely  necessary  this  should  be  so,  for  certain 
most  important  exertions  of  this  function.  There  ai'e,  however,  casesinwMch 
certain  cases  in  which  it  is  more  convenient  to  employ  only  one  ?s"èmpîoyeï[! 
eye  ; for  instance,  when  it  is  necessary  to  understand  perfectly 
the  direction  of  the  light,  or  the  situation  of  any  body  relative  to 
us.  Thus  we  shut  one  eye  to  take  aim  with  a gun,  or  to  place  a 
number  of  bodies  upon  a level  in  a right  line. 

Another  case  in  which  it  is  advantageous  to  employ  only  one 
eye  is,  when  the  two  organs  are  unequal,  either  in  refractive  power, 
or  in  sensibility.  For  the  same  reason  we  shut  one  eye  when  we 
employ  a telescope.  But,  except  in  these  particular  cases,  it  is  of 
the  utmost  importance  to  employ  both  eyes  at  once.  I shall  here 
prove,  by  an  experiment  which  I have  myself  made,  that  both  eyes 
see  the  same  object  at  the  same  time. 

Keceive  the  image  of  the  sun  upon  a plane  in  a dark  chamber  ; 
put  before  your  eyes  two  thick  glasses,  each  of  which  presents 
one  of  the  prismatic  colours.  If  your  eyes  are  good,  and  both 
equally  strong,  the  image  of  the  sun  will  appear  of  a dirty  white, 
whatever  be  the  colour  of  the  glasses  employed.  If  one  of  your 
eyes  is  much  stronger  than  the  other,  the  image  of  the  sun  will  be 
seen  of  the  same  colour  as  the  glass  which  is  before  the  strongest 
eye.  These  results  have  been  proved  before  M.  Tillaye  junior,  in 
the  physical  chamber  of  the  faculty  of  medicine. 
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One  object  then  produces,  in  reality,  two  impressions,  whilst  the 
brain  perceives  only  one.  To  produce  this,  the  motions  of  the  two 
eyes  must  be  in  unison.  If,  after  a disease,  the  movements  of 
the  eyes  are  no  longer  uniform,  we  receive  two  impressions  from 
the  same  object,  which  constitutes  strabismus,  or  squinting.  We 
may  also,  at  pleasure,  receive  two  impressions  from  one  body  ; for 
that  purpose,  it  is  only  necessary  to  derange  the  harmony  of  the 
two  eyes. 

Estimation  of  the  distance  of  objects. 

Vision  is  produced  essentially  by  the  action  of  light  upon  the 
retina,  and  yet  we  always  consider  the  bodies  from  which  light 
proceeds  as  being  the  cause  of  it,  though  they  are  often  placed  at 
a considerable  distance.  This  result  can  be  produced  only  by  an 
intellectual  operation. 

We  judge  differently  of  the  distance  of  bodies  according  to  the 
degree  of  that  distance  ; we  judge  correctly  when  they  are  near 
us,  but  it  is  not  the  same  when  they  are  at  a short  distance  ; 
our  judgment  is  then  often  incorrect  : but  when  they  are  at  a great 
distance,  we  are  constantly  deceived.  The  united  action  of  the 
two  eyes  is  absolutely  necessary  to  determine  exactly  the  distance, 
as  the  following  experiment  proves. 

Suspend  a ring  by  a thread,  and  fix  a hook  to  the  end  of  a 
long  rod,  of  a size  that  will  easily  pass  the  ring  ; stand  at  a con- 
venient distance,  and  try  to  introduce  the  book  ; in  using  both 
eyes,  you  may  succeed  with  ease  in  every  attempt  you  make  ; but 
if  you  shut  one  eye,  and  then  endeavour  to  pass  the  hook  through, 
you  will  not  succeed  any  longer  ; the  hook  will  go  either  too  far 
or  else  not  far  enough,  and  it  will  only  be  after  trying  repeatedly 
that  it  will  be  got  through.  Those  persons  whose  eyes  are  very 
unequal  in  their  power,  are  sure  to  fail  in  this  experiment,  even 
when  they  use  them  both. 

When  a person  loses  an  eye  by  accident,  it  is  sometimes  a whole 
year  before  he  can  judge  correctly  of  the  distance  of  a body  placed 
near  him.  Those  who  have  only  one  eye,  determine  distance,  for 
the  most  part,  very  incorrectly.®  The  size  of  the  object,  the  in- 
tensity of  the  light  that  proceeds  from  it,  the  presence  of  interme- 
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tliate  bodies,  &c.  have  a great  influence  upon  our  just  estimation 
of  distance. 

We  judge  most  correctly  of  objects  that  are  placed  upon  a level 
with  our  bodies.  Thus,  when  we  look  from  the  top  of  a tower  at 
the  objects  below,  they  appear  much  less  than  they  would  if  they 
were  placed  at  the  same  distance,  on  the  same  plane  with  our- 
selves. Hence  the  necessity  of  giving  a considerable  volume  to 
objects  that  are  intended  to  be  placed  on  the  tops  of  buildings, 
and  which  are  to  be  seen  from  a distance.  The  smaller  the  dimen- 
sions of  an  object  are,  the  nearer  ought  it  to  be  placed  to  the  eye, 
in  order  to  be  distinctly  seen.  What  is  called  the  distinct  point  of 
view,  is  also  very  variable.  A horse  is  seen  very  distinctly  at  six 
yards,  but  a bird  could  not  be  distinctly  seen  at  the  same  distance. 

If  we  wish  to  examine  the  hair  or  the  feathers  of  those  animals,  the 
eye  requires  to  be  much  nearer.  However,  the  same  object  may 
be  seen  distinctly  at  different  distances  ; for  example,  it  is  quite 
the  saine  to  many  persons  whether  they  place  the  book  that  they 
are  reading  at  one  or  two  feet  of  distance  from  the  eye.  The 
intensity  of  the  light  which  illuminates  an  object,  has  a consider- 
able effect  upon  the  distance  at  which  it  can  be  distinctly  seen  *. 

Estimation  of  the  size  of  bodies. 

The  manner  in  which  we  arrive  at  a just  determination  of  the  Manner  in 
size  of  bodies,  depends  more  upon  knowledge  and  habit  than  upon  jMdge*ofUie 
the  action  of  the  apparatus  of  vision.  We  form  our  judgment 
relative  to  the  dimensions  of  bodies,  from  the  size  of  the  image 
which  is  formed  in  the  eye,  from  the  intensity  of  the  light  which 
proceeds  from  the  object,  from  the  distance  at  which  we  think  it  is 
placed,  and,  above  all,  from  the  habit  of  seeing  such  objects.  We 
therefore  judge  with  difficulty  of  the  size  of  a body  that  we  see  for 
the  first  time,  when  we  cannot  appreciate  the  distance.  A moun- 
tain which  we  see  at  a distance  for  the  first  time,  appears  general- 
ly much  less  than  it  really  is  ; we  think  it  is  near  us  when  it  is  very 
far  away. 


• I have  seen  a person  who,  in  consequence  of  losing  one  eye,  was  for 
months  afterwards  obliged  to  grope  after  objects  within  his  reach  before  he 
could  seize  them. 
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Beyond  a distance  somewhat  considerable,  we  are  so  completely 
deceived,  that  judgment  is  unable  to  correct  us.  Objects  appear 
to  us  infinitely  less  than  they  really  are  ; as  happens  with  the 
celestial  l)odies» 


Estimate  of  the  motion  of  bodies. 

We  judge  of  the  motion  of  a body  by  that  of  its  image  upon 
the  retina,  by  the  variations  of  the  size  of  this  image,  or,  which  is 
the  same  tiling,  by  the  change  of  direction  of  the  light  which  ar- 
rives at  the  eye. 

In  order  that  we  may  be  able  to  follow  the  motion  of  a body, 
it  ought  not  to  be  displaced  too  rapidly,  for  we  could  not  then 
perceive  it  ; this  happens  with  bodies  projected  by  the  force  of 
gunpowder,  particularly  when  they  pass  near  us.  When  they 
move  at  a distance  from  us,  the  light  comes  from  them  to  the  eye 
for  a much  longer  space  of  time,  because  the  field  of  view  is  much 
greater,  and  we  can  see  them  with  more  facility.  We  ought  to  be 
ourselves  at  rest,  in  order  to  judge  correctly  of  the  motions  of 
bodies. 

When  bodies  are  at  a considerable  distance  from  us,  we  cannot 
easily  perceive  their  motions  to  or  from  us.  In  this  case,  we 
judge  of  the  motion  of  the  body,  only  by  the  variation  of  the  size 
of  its  image.  Now  this  variation  being  infinitely  small,  because 
the  body  is  at  a great  distance,  it  is  very  difficult,  and  frequently 
impossible,  for  us  to  estimate  its  motion.  Generally  we  perceive 
with  great  difficulty,  sometimes  we  cannot  perceive  at  all,  the 
motion  of  a body  which  moves  extremely  slow  ; this  may  be  on 
account  of  the  slowness  of  its  own  motion,  as  in  the  case  of  the 
hand  of  a watch,  or  it  may  be  the  result  of  the  slow  motion  of 
the  image,  which  happens  with  the  stars,  and  objects  very  fay 
from  us- 


Of  optical  illusions. 

After  what  we  have  just  said,  of  the  manner  in  which  we  esti- 
mate the  distance,  the  size,  and  the  motion  of  bodies,  we  may 
easily  see  that  we  are  often  deceived  by  sight.  1'hese  decep- 
tions are  known  in  Physics,  and  in  Physiology,  by  the  name  of 
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optical  illusions.  In  general,  we  judge  pretty  correctly  of  bodies 
placed  near  us  ; but  we  are  most  commonly  deceived  with  regard 
to  those  that  are  distant.  Those  illusions  which  happen  to  us  with 
regard  to  objects  that  are  near  us,  are  the  result,  sometimes  of  the 
reflection,  sometimes  of  the  refraction,  of  light,  before  it  reaches 
the  eye;  and  sometimes  of  the  law  that  we  establish  instinctively; 
namely,  that  light  proceeds  always  in  right  lines. 

We  must  refer  to  this  cause  those  illusions  occasioned  by  mir-  Mirrors, 
rors  ; objects  are  seen  in  plane  mirrors  at  the  same  distance  be- 
hind them,  as  the  mirrors  are  distant  from  the  eye.  To  this 
cause  may  be  attributed  also  the  apparent  increase  or  diminu- 
tion of  bodies  seen  through  a glass.  If  the  glass  make  the  rays 
converge,  the  body  will  appear  greater  ; if  it  cause  them  to  di- 
verge, the  body  will  appear  less.  These  glasses  produce  still 
another  illusion  ; objects  appear  surrounded  by  the  colours  of  the 
solar  spectrum,  because  their  surfaces  not  being  parallel,  they  de- 
compose light  in  the  manner  of  the  prism. 

We  are  constantly  deceived  by  objects  at  a distance,  in  a man- 
ner that  we  cannot  prevent,  because  those  deceptions  result  from 
certain  laws  which  govern  the  animal  economy.  An  object  seems 
near  us  in  proportion  as  its  image  occupies  a greater  space  upon 
the  retina,  or  in  proportion  to  the  intensity  of  the  light  which  pro- 
ceeds from  it. 

Of  two  objects  of  a different  volume,  equally  illuminated  and 
placed  at  the  same  distance,  the  greatest  will  appear  the  nearest, 
should  circumstances  be  such  as  to  admit  of  the  distance  being 
justly  estimated.  Of  two  objects  of  equal  volume,  placed  at  an 
equal  distance  from  the  eye,  but  unequally  illuminated,  the  brightest 
will  appear  the  nearest  ; it  would  be  the  same,  if  the  objects  were 
at  unequal  distances,  as  can  be  easily  seen  in  looking  at  a string 
of  lamps  : if  there  happen  to  be  one  of  them  brighter  than  the  rest, 
it  will  appear  the  nearest,  whilst  that  which  is  really  the  nearest, 
will  appear  the  farthest  if  it  is  the  least  bright.  An  object  seen 
without  any  intermedium,  always  appears  nearer  than  when  there 
happens  to  be  between  it  and  the  eye,  some  body  that  may  have 
an  influence  upon  the  estimate  which  we  make  of  its  distance. 

When  a bright  object  strikes  the  eye,  whilst  all  the  olqects  around 
it  are  obscured,  it  appears  much  nearer  than  it  really  is  ; a light  in 
the  night  produces  this  effect. 
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Objects  appear  always  small  in  proportion  as  they  are  distant  : 
thus,  the  trees  in  a long  avenue  appear  so  much  smaller,  and  so 
much  nearer  together,  in  proportion  as  they  are  farther  from  us.  It 
is  by  observing  these  illusions,  and  the  laws  of  the  animal  econo- 
my upon  which  they  are  founded,  that  art  has  been  enabled  to 
imitate  them.  The  art  of  painting,  in  certain  cases,  merely  trans- 
fers to  the  canvas  those  optical  errors  into  which  we  most  habi- 
tually fall.a 

The  construction  of  optical  instruments  is  also  founded  upon 
these  principles  : some  of  them  augment  the  intensity  of  the  light 
which  proceeds  from  the  objects  observed  ; others  cause  it  to  di- 
verge, or  converge,  in  order  to  increase  or  diminish  their  apparent 
volume,  &c. 

By  the  constant  exercise  of  the  sense  of  sight,  we  are  enabled 
to  get  over  many  optical  illusions,  as  will  be  proved  by  the  curious 
history  of  the  blind  youth,  spoken  of  by  Cheselden. 

History  of  the  This  Celebrated  English  surgeon,  by  a surgical  operation  *,  pro- 

îated  by^che-  Cured  sight  to  a very  intelligent  person,  who  was  horn  blind  ; and  he 
seiden.  observed  the  manner  in  which  this  sense  was  developed  in  the 
young  man.  “ When  he  saw  the  light  for  the  first  time,  he  knew 
so  little  how  to  judge  of  distances,  that  he  believed  the  objects 
which  he  saw  ‘ touched  his  eyes’  (and  this  was  his  expression) 
“ as  the  things  which  he  felt  touched  his  skin.”  The  objects  which 
were  most  pleasant  to  him  were  those  whose  form  was  regular  and 
smooth,  though  he  had  no  idea  of  their  form,  nor  could  he  tell 
why  they  pleased  him  better  than  the  others.  During  the  time 
of  his  blindness  he  had  received  such  an  imperfect  idea  of  the 
colours  which,  by  a very  strong  light,  he  was  then  able  to  distin- 
guish, that  a sufficient  impression  had  not  been  left,  by  which  he 
could  again  recognise  them.  Indeed,  when  he  saw  them,  he  said  the 
colours  he  then  saw  were  not  the  same  as  those  he  had  seen  former- 
ly ; he  did  not  know  the  form  of  any  object;  nor  could  he  distinguish 
one  object  from  another,  however  different  their  figure  or  size  might 
be  : when  objects  were  shown  to  him  which  he  had  known  for- 
merly by  the  touch,  he  looked  at  them  with  attention,  and  ob- 


* Generally  said  to  be  that  for  cataract,  but  more  probably  it  was  a divi- 
sion of  the  membrana  pupillaris. 
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served  them  carefully,  in  order  to  know  them  again  ; but  as  he 
had  too  many  objects  to  retain  at  once,  he  foigot  the  greater  part 
of  them,  and  when  he  first  learned,  as  he  said,  to  see  and  to  know 
objects,  he  forgot  a thousand  for  one  that  he  recollected.  It  was 
two  months  before  he  discovered  that  pictures  represented  solid 
bodies  ; until  that  time  he  had  considered  them  as  planes  and 
surfaces  differently  coloured,  and  diversihed  by  a variety  of  shades  ; 
but  when  he  began  to  conceive  that  these  pictures  represented  so- 
lid bodies,  in  touching  the  canvas  of  a picture  with  his  hand  he 
expected  to  find  in  reality  something  solid  upon  it,  and  he  was 
much  astonished  when,  upon  touching  those  parts  which  seemed 
round  and  unequal,  he  found  them  flat  and  smooth  like  the  rest  : 
he  asked,  which  was  the  sense  that  deceived  him — the  sight  or 
the  touch  ? There  was  shewn  to  him  a little  portrait  of  his  father, 
which  was  in  the  case  of  his  mother’s  watch  ; he  said  that  he 
knew; very  well  it  was  the  resemblance  of  his  father;  but  he  ask- 
ed, with  great  astonishment,  how  it  was  possible  for  so  large  a 
visage  to  be  kept  in  so  small  a space,  as  that  appeared  to  him  as 
impossible  as  that  a bushel  should  be  contained  in  a pint.  He 
could  not  support  much  light  at  first,  and  every  object  seemed  very 
large  to  him  ; but  after  he  had  seen  larger  things,  he  considered 
the  first  smaller  ; he  thought  there  was  nothing  beyond  the  limits 
of  his  sight.  The  same  operation  was  performed  on  the  other  eye 
about  a year  after  the  first,  and  it  succeeded  equally  well.  At  first 
he  saw  objects  with  his  second  eye  much  larger  than  with  the 
other,  but  not  so  large,  hotvever,  as  he  had  seen  them  with  the 
first  eye  ; and  when  he  looked  at  the  same  object  with  both  eyes 
at  once,  he  said  that  it  appeared  twice  as  large  as  with  the  first 
eye  ; but  he  did  not  see  double,  at  least  it  could  not  be  ascertain- 
ed that  he  saw  objects  double,  after  he  had  got  the  sight  of  the 
second  eye.^’ 

This  observation  is  not  singular  ; there  exists  a numbei-  of  othei  s, 
and  they  have  all  given  results  nearly  alike.  The  conclusion  that 
may  be  drawn  from  it  is,  I think,  that  the  exact  manner  in  which 
we  determine  the  distance,  size,  and  form  of  objects,  is  the  result 
of  habit,  or,  which  is  the  same  thing,  of  the  education  of  the  sense 
of  sight  ; this  will  be  proved  by  the  considei-ation  of  vision  in  dif- 
ferent ages. 
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Vision  in  the  different  ages. 

The  eye  is  very  early  formed  in  the  fœtus. 

In  the  embryo,  the  eyes  appear  in  the  form  of  two  little  black 
points  At  the  age  of  seven  months,  they  are  capable  of  modi- 
fying the  light,  so  as  to  form  an  image  on  the  retina,  as  we  have 
ascertained  by  experiment.  Before  this  period,  the  eyes  could  not 
be  of  such  use,  since  the  pupil  is  shut  by  the  pupillary  membrane  *. 
At  seven  months  this  membrane  disappears  : it  is  generally  said 
that  it  bursts  ; probably  it  is  absorbed.  This  is  also  the  period  of 
the  Viabilité,  or  confirmed  vitality  of  the  fœtus.  Fœtuses  have 
been  found,  however,  at  six,  and  even  at  five  months,  the  eyes  of 
which  presented  no  trace  of  this  membrane- 

The  eye  of  a child,  and  that  of  an  adult,  are  not  quite  the  same  ; 
but  their  difference  is  not  remarkable.  In  the  first,  the  sclerotic 
is  thinner,  and  even  slightly  transparent  ; the  choroid  is  reddish 
on  the  outside,  and  the  dark  shade  of  the  internal  surface  is  less 
deep  ; the  retina  has  a greater  proportional  development  ; the 
aqueous  humour  is  more  abundant,  which  gives  a greater  projection 
to  the  cornea  ; the  crystalline  has  also  much  less  consistence  than  in 
the  adult.  The  eyes  are,  before  birth,  closed,  and,  as  it  were,  fixed 
together.  In  certain  animals,  they  are  joined  by  the  palpebral 
conjunctiva,  which  passes  from  the  one  to  the  other,  and  which 
does  not  breakuntil  after  birth. 

From  youth  to  manhood  the  quantity  of  the  Immours  of  the 
eye  diminish  insensibly  ; they  afterwards  diminish  in  a moi'e  evi- 
dent degree.  This  diminution  is  more  particularly  manifest  in  old 
age. 


" According  to  M.  Edwards,  the  pupillary  membrane  is  formed  by  the 
prolongation  of  the  membrane  of  the  aqueous  humour,  and  of  the  external 
layer  of  the  choroid.  He  denies  that  any  water  is  found  in  the  anterior 
chamber  before  the  rupture  of  this  membrane  ; and  proves  that,  previously, 
it  is  all  accumulated  in  the  posterior  chamber  ; 1st,  because  the  membrane 
so  named  is  not  its  secretory  organ  ; 2d,  because  it  exists  in  the  posterior 
chamber  ; 3d,  because,  before  the  seventh  month,  the  same  membrane  of  the 
aqueous  humour  is  a shut  sac,  presenting  all  the  characters  of  a serous  mem- 
brane. 
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The  .crystalline  humour,  in  particular,  not  only  becomes  more 
dense,  but  it  takes  a yellow  colour,  which  is  at  first  clear,  and 
afterwards  becomes  more  deep  : whilst  the  lens  suft'ers  this 

change,  it  becomes  harder,  contracts  a slight  opacity,  which  in- 
creases with  the  progress  of  age,  until  it  becomes  completely 
opake. 

The  eye  is  then  well  fitted  in  the  new-born  infant  to  act  upon  Vision  in 
the  light  ; there  are  also  images  formed  upon  the  retina,  as  expe- 
rience shews.  In  the  first  month  of  its  life,  however,  the  child 
gives  no  indication  of  its  enjoying  the  faculty  of  vision  ; its  eyes 
move  but  slowly,  and  are  very  unsteady  * ; it  is  only  towards  the 
seventh  week  that  it  begins  to  give  proofs  of  exercising  that  function. 

At  first,  only  a very  bright  light  is  capable  of  engaging  its  attention  ; 
it  seems  to  be  pleased  in  looking  at  the  sun  ; it  becomes  soon  sensi- 
ble to  the  ordinary  light  of  day.  It  does  not  yet,  liowever,  distin- 
guish any  object  ; the  first  that  attract  its  attention  are  those  which 
are  red  ; it  is  generally  best  pleased  with  lively  colours.  After  some 
days,  it  looks  stedfastly  at  bodies,  the  colours  of  which  it  seems  to 
distinguish  ; but  it  has  no  idea  either  of  size  or  distance.  It 
stretches  out  its  hand  to  seize  objects,  however  distant  ; and  as 
food  is  the  most  pressing  of  its  wants,  it  carries  every  thing  it 
seizes  to  its  mouth,  of  whatever  dimensions.  Thus  the  sight  is 
very  imperfect  in  the  early  part  of  life  ; but  by  habit,  and,  above 
all,  by  the  continual  correction  of  errors  into  which  the  child  falls, 
the  judgment  improves,  and  the  sight  becomes  perfect  by  a real 
process  of  education. 

It  has  been  supposed  that  infants  see  things  double  : there  is  infants  do  not 
nothing  to  prove  this  assertion.  It  has  also  been  said,  but  without  douWe."^* 
any  good  reason,  that  the  refractive  parts  being  more  abundant, 
they  ought  to  see  objects  smaller  than  they  are. 

The  eye  soon  acquires  all  the  perfection  of  which  it  is  suscepti- 
ble, and  it  does  not  undergo  any  more  new  modifications  until  the 
approach  of  old  age.  Then  the  change  that  we  indicated  in  the 


I have  recently  ascertained,  that  an  infant,  immediately  after  birth,  ex- 
perienced a very  lively  sensation  from  the  presence  of  light  ; it  manifested 
its  impression  by  shutting  and  contracting  the  eyelids.  But  we  have  shewn» 
that  to  see,  and  to  feel  light,  are  tn  o very  different  things. 
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humours  of  the  eye  tends  to  render  it  less  distinct  ; but  what  con- 
tributes most  to  weaken  it,  is  the  diminution  of  sensibility  in  the 
retina. 

Three  causes  unite  to  impair  the  sight  in  old  age  : — 1st,  The 
diminution  of  the  quantity  of  the  humours  of  the  eye,  which  di- 
minishing the  refractive  power  of  the  organ,  prevents  the  old  man 
from  distinguishing  with  precision  surrounding  objects  ; and  in  order 
to  see  them  distinctly  he  is  obliged  to  remove  them  to  a distance, 
because  the  light  which  proceeds  from  them  is  then  less  divergent; 
or  he  is  obliged  to  employ  convex  glasses,  which  diminish  the  di- 
vergence of  the  rays.  2d,  The  opacity  beginning  in  the  crystalline 
lens,  which  dims  the  sight,  and  tends  by  its  increase  to  bring  on 
blindness,  in  producing  that  malady  known  by  the  name  of  cata- 
ract. 3d,  The  diminution  of  the  sensibility  of  the  retina,  or  other- 
wise of  the  brain,  which  prevents  the  perceptions  of  impressions 
produced  on  the  eye,  and  which  leads  to  total  and  incurable  blind- 
ness. 


OF  HEARING. 

Hearing  is  a function  intended  to  make  known  to  us  the  vibra- 
tory motion  of  bodies. 

Sound  is  to  the  hearing  what  light  is  to  the  sight.  Sound  is  the 
result  of  an  impression  produced  upon  the  ear  by  the  vibratory 
motion  impressed  upon  the  atoms  of  the  body  by  percussion,  or 
any  other  cause.  I’his  word  signifies  also  the  vibratory  motion 
itself.  When  the  atoms  of  a body  have  thus  been  put  in  motion, 
they  communicate  it  to  the  suiTounding  elastic  bodies  ; these  com- 
municate it  in  the  same  manner,  and  so  the  vibratory  motion  is 
often  continued  to  a gi-eat  distance.  In  general,  elastic  bodies  only 
are  capable  of  producing  and  propagating  sound  ; but  for  the  most 
part  solid  bodies  produce  it,  and  the  air  is  generally  the  medium 
by  which  it  reaches  the  ear. 

There  are  three  things  distinguished  in  sound,  intensity,  tone, 
and  timbre,  or  expression.  The  intensity  of  sound  depends  on 
the  extent  of  the  vibrations, 

The  tone  depends  upon  the  number  of  vibrations  which  are 
produced  in  a given  time  ; and,  in  this  respect,  sound  is  dis- 
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tinguished  into  acute  and  grave.  The  grave  sound  arises  fi’om  a 
small  number  of  vibrations,  the  acute  from  a great  number. 

The  gravest  sound  which  the  ear  is  capable  of  perceiving,  isofdistin- 
formed  of  thirty-two  vibrations  in  a second.  The  most  acute 
sound  is  formed  of  twelve  thousand  vibrations  in  a second.  Be- 
tween these  two  limits  are  contained  all  the  distinguishable  sounds, 
that  is,  those  sounds  of  which  the  ear  can  count  the  vibrations.» 

Noise  differs  from  distinguishable  sound  in  so  much  as  the  earQf„o;jgj 
cannot  distinguish  the  number  of  vibrations  of  which  it  is  com- 
posed. 

A distinguishable  sound,  composed  of  double  the  number  of 
vibrations  of  another  sound,  is  said  to  be  its  octave. — There  are 
intermediate  sounds  between  these  two,  which  are  seven  in  num- 
ber, and  which  constitute  the  diatonic  scale,  or  gamut  ; they  are 
designated  by  the  names,  ut,  re,  me,  fa,  sol,  la,  si. 

When  a sonorous  body  is  put  in  motion  by  percussion,  there  offundamen- 
is  at  first  heard  a sound  very  distinct,  more  or  less  intense,  more  momc  sounds, 
or  less  acute,  &c.,  according  as  it  may  happen  ; this  is  the  fun- 
damental sound  ; but  with  a little  attention  other  sounds  can  be 
perceived.  These  are  called  harmonic  sounds.  This  can  'easily 
be  perceived  in  touching  the  string  of  an  instrument. 

The  timbre,  or  expression  of  sound,  depends  on  the  nature  of 
the  sonorous  body. 

Sound  is  propagated  through  all  elastic  ’bodies.  Its  rapidity  is 
variable  according  to  the  body  which  propagates  it.  The  rapidity 

of  sound  in  the  air  is  a thousand  and  forty-two  feet  in  a second 

1130  feet  English.*'  It  is  still  more  rapidly  transmitted  by  water, 
stone,  wood,  &c.  Sound  loses  its  force  in  a direct  proportion  to 
the  square  of  the  distance  ; this  happens  at  least  in  the  air.  It  may 
also  become  more  intense  as  it  proceeds  ; as  happens  when  it  passes 
through  very  elastic  bodies,  such  as  metals,  wood,  condensed  air, 

&c.  All  sorts  of  sounds  are  propagated  with  the  same  rapidity, 
without  being  confounded  one  with  another. 

It  is  generally  supposed  that  sound  is  propagated  in  right  lines, 
forming  cones,  analagous  to  those  of  light  ; with  this  essential  dif- 
ference, however,  that,  in  sonorous  cones,  the  atoms  have  only  a 
motion  of  oscillation,  whilst  those  of  the  cones  of  light  have  a real 
transitive  motion. 
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When  one  chord  is  in  unison  with  another  chord,  that  is  to  say, 
when  each  produces  the  same  sound  when  thrown  into  vibration, 
in  the  same  manner,  it  presents  a singular  property  ; it  vibrates, 
and  produces  the  sound  which  is  proper  to  it,  if  that  sound  is  pro- 
duced in  its  vicinity.  This  property  of  chords  in  unison  has  been 
for  a long  time  known  ; but  men  were  long  ignorant  that  all  bodies 
are  capable  of  vibration,  and  present  phenomena  analogous  to  those 
of  the  chords. 

M.  Savart  has  shewn,  by  a series  of  ingenious  experiments,  that 
all  elastic  membranes,  dry  or  humid,  vibrate  and  transmit  sound, 
if  sonorous  vibrations  are  made  perceptible  near  these  membranes, 
and  without  their  being  in  unison  with  the  bodies  which  produce 
these  vibrations.  M.  Savart  has  likewise  proved  that  the  different 
degrees  of  tension  of  the  membranes,  their  thickness,  their  homo- 
geneity, various  humidity,  exert  a remarkable  influence  upon  the 
facility  with  which  they  tend  to  vibrate  by  communication  ; but 
as,  whatever  maybe  their  state,  they  vibrate  always  in  unison  with 
the  sound  produced,  that  law  is  besides  common  to  all  bodies. 
These  experiments  are  so  much  the  more  Important,  that  a great 
part  of  the  organs  of  hearing  are  composed  of  membranes  and  elas- 
tic plates,  as  we  shall  presently  see. 

When  sound  meets  a body  that  prevents  its  passage,  it  is  reflect- 
ed in  the  same  manner  as  light,  its  angle  of  reflection  being  equal 
to  the  angle  of  incidence.  The  form  of  the  body  which  reflects 
sound,  has  a similar  influence  upon  it.  The  slowness  with  which 
sound  is  propagated,  produces  certain  phenomena,  for  which  we 
can  easily  account-  Such  is  the  phenomenon  of  echo,  of  the  mys- 
terious chamber,  &c. 

Appnrahis  of  hearing. 

The  apparatus  of  hearing  is  very  complex  ; we  shall  not  insist 
upon  anatomical  details,  from  which  no  advantage  could  arise  ; as 
the  uses  of  the  different  parts  that  constitute  this  sense  are  but 
little  understood. 

In  the  same  manner  as  in  the  apparatus  of  vision,  there  are  in 
that  of  hearing  a number  of  organs,  which  appear  to  concur  in 
that  function  by  their  physical  properties  ; and  behind  them,  a nerve 
for  the  purpose  of  receiving  and  transmitting  impressions. 
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Tlio  apparatus  of  hearing-  is  composed  of  the  outer,  middle,  and 
internal  ear;  and  of  the  acoustic  nerve. 

External  ear. 

This  denomination  comprehends  the  pinna,  and  the  meatus  au- 
ditorius  externus. 

'The  pinna  is  of  a greater  or  less  size,  according  to  the  indivi- Pavilion  of 
dual.  Its  external  aspect,  which,  in  a well  formed  ear,  is  turned 
a little  forwards,  presents  five  eminences,  tlie  helix,  anti-helix, 
tragus,  anti-tragus,  lohulus  ; and  three  cavities,  those  of  the  helix, 
fossa  navicularis,  concha. 

The  pinna  is  formed  of  a f brous  cartilage,  elastic  and  pliant  ; 
the  skin  which  covers  it  is  thin  and  dry  ; adheres  to  the  fibro-car* 
tilage  by  a cellular  tissue,  which  is  compact,  and  contains  very  lit- 
tle adipose  substance  : the  lobule  alone  contains  it  in  considerable 
quantity.  There  are  seen  under  the  skin  a number  of  sebaceous 
follicles,  which  furnish  a micaceous  white  matter,  that  produces 
the  polish  and  suppleness  of  the  skin. 

There  are  also  seen,  upon  the  different  projections  of  the  carti- 
laginous ear,  certain  muscular  fibres,  to  which  the  name  of  muscles 
have  been  given,  but  which  are  only  vestigia  *.  The  pinna,  re- 
ceiving many  vessels  and  nerves,  is  very  sensible,  and  easily  be- 
comes red.  It  is  fixed  to  the  head  by  cellular  tissue,  and  by 
muscles,  which  are  called,  according  to  their  position,  anterior, 
superior,  and  posterior.  These  muscles  are  much  developed  in 
many  animals  : in  man  they  may,  in  general,  be  considered  as  sim- 
ple vestiges. 

Meatus  auditorius. 

This  tube  extends  from  the  concha  to  the  membrane  of  the  Meatus  audi- 
tympanum  ; its  length,  variable  according  to  age,  is  from  ten  to  nu™^  *^**^’^ 
twelve  lines  in  the  adult  ; it  is  narrower  in  the  middle  than  at  the 
ends  ; it  presents  a slight  curve  above,  and  in  front.  Its  external 
orifice  is  commonly  covered  with  hairs,  like  the  entrance  to  the 
other  cavities.  It  is  composed  of  an  osseous  part,  of  a fibro-carti- 

■*  Anatomists  denominate  vestigia  those  parts  of  animals,  which,  in  them 
seem  to  serve  no  other  purpose  than  to  indicate  the  uniform  plan  which  na- 
ture has  followed  in  the  construction  of  the  animal  genera  and  species,  a 
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laginous  substance,  which  is  confounded  wdth  that  of  the  pinna,  and 
of  a fibrous  part,  which  completes  it  above.  The  skin  sinks  into  it, 
becoming  thinner,  and  terminates  in  covering  the  external  surface 
of  the  membrane  of  the  tympanum.  Below  this  skin  exist  a great 
number  of  sebaceous  follicles,  which  furnish  the  cerumen,  a yellow, 
bitter  matter,  the  uses  of  which  we  shall  afterwaids  describe. 

Middle  ear. 

The  middle  ear  comprehends  the  cavity  of  the  tympanum,  the 
little  bones  which  are  contained  in  this  cavity,  the  mastoid  cells, 
the  Eustachian  tube,  &c. 

The  tympanum  is  a cavity  which  separates  the  external  from 
the  internal  ear.  Its  form  is  that  of  a portion  of  a cylinder,  but 
somewhat  irregular.  Its  external  partition  presents,  on  the  upper 
part,  the  fenestra  ovalis,  which  communicates  with  the  vestibule, 
and  which  is  formed  by  a membrane  ; immediately  below,  a pro- 
jection which  is  called  promontory  ; below  this  projection,  a little 
groove,  which  lodges  a small  nerve  ; still  lower,  an  opening  called 
the  fenestra  rotunda,  which  corresponds  to  the  external  winding 
of  the  cochlea,  and  which  is  also  shut  by  a membrane.  The  ex- 
ternal aspect  presents  the  membrana  tympani.  This  membrane  is 
directed  obliquely  downward  and  inward  ; it  is  tense,  very  slender 
and  transparent  ; covered  on  the  outside  by  a continuation  of  the 
skin,  on  the  inside  by  tbe  mucous  membrane  which  lines  the  tym- 
panum ; it  is  also  covered  on  this  side  by  the  nerve  called  chorda 
tympani  ; its  centre  serves  as  a point  of  fixation  for  the  extremity 
of  the  handle  of  the  malleus  ; its  circumference  is  fixed  to  the 
bony  extremity  of  the  meatus  auditorius  : it  adheres  equally  in 
every  point,  and,  in  general,  presents  no  opening  that  might  admit 
a communication  between  the  external  and  middle  ear.  Its  tissue 
is  dry,  brittle,  and  has  nothing  analogous  in  the  animal  economy  ; 
there  are  neither  fibres,  vessels,  nor  nerves,  found  in  it  *.  The 
circumference  of  the  tympanum  presents,  in  the  fore  part,  1st,  the 
opening  of  the  Eustachian  tube,  by  which  the  cavity  communi- 
cates with  the  superior  part  of  the  pharynx  ; 2d,  the  opening  by 


• Of  late,  however,  Sir  Everard  Home,  and  Mr  Buchanan  of  Hull,  have 
demonstrated  a very  distinct  muscular  stratum  in  the  membrana  tympani  of 
the  larger  mammalia,  as  the  elephant  and  balaena  mysticetus. 
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which  the  tendon  of  the  internal  muscle  of  the  malleus  enters. 

Behind  are  seen,  1st,  the  opening  of  the  mastoid  cells, — irregular 
winding  cavities,  which  are  formed  in  the  mastoid  process,  and 
which  are  always  filled  with  air  ; 2d,  the  pyramid,  a little  hollow 
projection,  which  lodges  the  muscle  of  the  stapes  ; 3d,  the  open- 
ing by  which  the  chorda  tympani  enters  into  the  hollow  of  the 
tympanum.  Below  the  tympanum  is  seen  a slit,  called  glenoid, 
by  which  the  tendon  of  the  anterior  muscle  of  the  malleus  enters, 
and  the  chorda  tympani  passes  out,  and  goes  to  unite  itself  with 
the  lingual  nerve  of  the  fifth  pair. 

Above,  the  circumference  presents  only  a few  small  openings, 
by  which  bloodvessels  pass.  The  cavity  of  the  tympanum,  and 
all  the  canals  which  end  there,  are  covered  with  a very  delicate 
mucous  membrane  : this  cavity,  which  is  t^lways  full  of  air,  con- 
tains, besides,  four  small  bones,  the  malleus,  incus,  os  orhiculare, 
and  stapes,  which  form  a chain  from  the  membrana  tympani  to  the 
fenestra  ovalis,  where  the  base  of  the  stapes  is  fixed.  There  are 
some  little  muscles  for  the  purpose  of  moving  this  osseous  chain, 
of  stretching  and  slackening  the  membranes,  to  which  they  are  at- 
tached : thus,  the  internal  muscle  of  the  malleus  draws  it  forward, 
bends  the  chain  in  this  direction,  and  stretches  the  membranes  ; the 
anterior  muscle  produces  the  contrary  effect  : it  is  also  supposed 
that  the  small  muscle  which  is  placed  in  the  pyramid,  and  which 
is  attached  to  the  neck  of  the  stapes,  may  give  a slight  tension  to 
the  chain,  in  drawing  it  towards  itseif. 

Internal  ear,  or  labyrinth. 

This  is  composed  of  the  cochlea,  of  the  semicircular  canals,  and  internal  ear. 
of  the  vestibule. 

The  cochlea  is  a bony  cavity,  in  form  of  a spiral,  from  which  it  cochka. 
has  taken  its  name.  This  cavity  is  divided  into  two  others,  called 
the  gyri  of  the  cochlea,  and  which  are  distinguished  into  external 
and  internal.  The  partition  which  separates  them  is  a plate  set 
edgeways,  and  which  in  its  whole  length  is  partly  bony,  and  partly 
membranous.  The  external  gyration  communicates  by  the  fenestra 
rotunda  with  the  cavity  of  the  tympanum  ; the  internal  gyration 
ends  in  the  vestibule. 
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Semicircular  canals. 

This  name  is  given  to  three  cylindrical  cavities,  bent  in  a semi- 
circular form,  two  of  which  are  disposed  horizontally,  and  the 
others  vertically.  These  canals  terminate  by  tbeir  extremities  in 
the  vestibule.  They  contain  bodies  of  a grey  colour,  the  extremi- 
ties of  which  are  terminated  by  swelling.s. 

Vestibule. 

This  is  the  central  cavity,  the  point  of  union  of  all  the  others- 
It  communicates  with  the  tympanum  by  the  fenestra  ovalis,  with 
the  intei  nal  gyration  of  the  cochlea,  with  the  semicircular  canals, 
and  with  the  internal  meatus  auditorius,  by  a great  number  of  lit- 
tle openings. 

Tlie  whole  of  the  cavities  of  the  internal  ear  are  hollowed  out  of 
the  hardest  part  of  the  petrous  portion  of  the  temporal  bone  : They 
are  covered  tvith  an  extremely  fine  membrane,  and  are  full  of  a 
very  thin  and  limpid  fluid,  called  liquor  of  the  labyrinth,  or  liquor 
Cotunnii,  which  can  flow  out  of  two  narrow  apertures,  known  by 
the  name  of  the  aqueducts  oj  the  cochlea  and  of  the  vestibule  : they 
contain,  besides,  the  acoustic  nerve. 

Of  the  acoustic  nerve. 

This  nerve  proceeds  from  the  fourth  ventricle  ; it  enters  into 
the  labyrinth  by  the  holes  that  the  internal  auditory  meatus  pre- 
sents in  its  bottom.  Having  entered  the  vestibule,  it  separates  it- 
self into  a number  of  branches,  one  of  which  remains  in  the  vesti- 
bule, another  enters  into  the  cochlea,  and  two  go  to  the  semicircu- 
lar canals.  Scarpa  has  described  the  distribution  of  these  diflferent 
branches  in  the  cavities  of  the  internal  ear,  and  therefore  it  would 
be  superfluous  here  to  insist  on  details. 

In  terminating  this  short  description,  we  remark  that  the  inter- 
nal and  middle  ear  are  traversed  by  several  nervous  threads,  the 
presence  of  which  is,  perhaps,  useful  to  hearing  : It  is  known  that 
the  facial  nerve  proceeds  a considerable  space  in  a canal  of  the 
petrous  portion.  In  this  canal  it  receives  a small  filament  of  the 
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Vidian  nerve  ; it  furnishes  the  chorda  tympani,  which  attaches  it- 
self to  this  membrane.  There  are  two  other  nervous  inosculations 
in  the  ear  ; to  one  of  which  M.  Ribes  called  the  attention  of  ana- 
tomists not  long  since. 

Some  analogous  experiments  have  lately  taught  me,  that  the  ear 
presents  physiological  circumstances  analogous  to  those  of  the  eye. 

The  membrane  which  covers  the  auditory  canal  is  extremely 
sensible.  This  is  very  manifest  at  the  entrance  : at  the  bottom,  the 
slightest  contact  of  a foreign  body  excites  an  acute  pain,  and 
physicians  have  at  all  times  remarked  the  horrible  sufferings  which 
accompany  inflammations  of  that  part.  After  this,  it  was  very  Limits  of  the 
natural  to  presume,  that  the  sensibility  should  be  still  more  exqui-  biifty  of"the 
site  in  the  tympanum,  and  in  fine  that  it  would  be  at  its  maximum, 
when  traced  to  the  labyrinth.  The  reverse  is  fact  ; exactly  as  in 
the  eye,  the  greatest  sensibility  is  in  the  exterior  part  of  the  appa- 
ratus. This  property  is  already  very  obtuse  in  the  tympanum  ; and 
the  acoustic  nerve  being  touched,  punctured,  or  even  torn  in  ani- 
mals, yielded  me  no  apparent  indication  of  sensibility  : and,  in  this 
respect,  there  exists  a singular  contrariety  to  the  nerve  of  the  fifth 
pair,  which,  though  almost  in  contact  with  the  acoustic  nerve  at  its 
origin,  cannot  be  touched  in  the  slightest  manner,  without  produ- 
cing an  excruciating  pain.  In  this  respect,  then,  the  auditory  nerve 
resembles  the  optic. 


MECHANISM  OF  HEARING. 

Uses  of  the  'pinna. 

The  auricle  collects  the  sonorous  radiations,  and  directs  them  uses  of  the 

, , . pavilion. 

towards  the  meatus  externus  ; m proportion  as  it  is  large,  elastic, 
prominent  from  the  head,  and  directed  forward.  Boerhaave  sup- 
posed he  had  proved  by  calculation,  that  all  the  sonorous  radiations, 
or  pulsations,  which  fall  upon  the  external  surface  of  the  pinna,  are, 
ultimately,  directed  to  the  auditory  passage.  This  assertion  is  evi- 
dently enoneous,  at  least  for  those  pinnae  in  which  the  antihelix  is 
more  projecting  than  the  helix.  How  could  those  rays  arrive  at 
the  concha,  which  fall  upon  the  posterior  surface  of  the  antihelix 
It  is  much  more  probable  that  the  pinna  itself,  in  consequence 
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of  its  great  elasticity,  which  may  be  slightly  modified  by  its  inter- 
nal muscles,  is  capable  of  entering  into  vibration,  when  influenced 
by  sonorous  undulations  imprinted  on  the  air.  In  fact,  experience 
teaches,  that  according  as  a membrane  is  or  is  not  parallel  to  the 
surfaces  of  the  bodies  which  vibrate  near  it,  its  oscillations  are 
more  or  less  distinct.  Parallelism  constitutes  the  most  favourable 
case. 

The  pinna  is  not  indispensable  to  hearing  ; for,  both  in  men  and 
in  animals,  it  may  be  removed  without  any  inconvenience  beyond 
a few  days. 


Uses  of  the  meatus  auditorius. 

This  tube  transmits  sound  in  the  same  manner  as  any  other 
canal,  partly  by  the  air  it  contains,  and  partly  by  its  parietes,  until 
it  arrives  at  the  membrane  of  the  tympanum.  The  hairs  and  ceru- 
men with  which  it  is  provided  at  the  entrance,  are  intended  to 
prevent  the  introduction  of  sand,  dust,  insects,  he. 

Uses  of  the  memh-ana  tympani. 

This  membrane  separates  the  auditory  canal  from  the  tympanum  ; 
it  is  tense,  thin,  elastic,  and  every  where  of  equal  thickness.  From 
these  different  properties,  it  must  readily  enter  into  vibration,  under 
the  influence  of  the  sonorous  undulations,  which  the  meatus  con- 
ducts to  it,  either  by  the  air  or  its  own  parietes. 

But  according  to  a very  simple  experiment  of  M.  Savart,  it  ap- 
pears, that  it  is  chiefly  the  sound  transmitted  by  the  air  which 
throws  it  into  a state  of  vibration. 

That  learned  physician  placed  at  the  summit  of  a truncated 
cone  composed  of  card  paper,  a small  tense  membrane,  which  shut 
the  aperture,  almost  in  the  same  way  as  the  membrana  tympani 
closes  the  meatus  extemus.  He  then  produced  sounds  close  to  the 
parietes,  but  on  the  outer  side  of  the  cone  ; the  membrane  scarcely 
vibrated  : but  if  he  produced  the  same  sounds  at  the  base  of  the 
cone,  so  as  to  transmit  them  to  the  membrane  by  the  internal  and 
contained  air,  then  the  vibrations  became  very  distinct,  even  at  a 
distance  of  twenty-seven  to  thirty-two  yards. 

The  manner  in  which  the  muscles  of  the  malleus  are  inserted  into 
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that  small  bone,  and  the  manner  in  which  the  malleus  again  is  in-  use  of  the 
serted  into  the  membrane,,  clearly  indicates  that  it  must  have  de-  and  smau™ 
grees  in  its  tension.  We  cannot,  without  an  absurdity,  suppose 
that  this  little  membrane  brings  itself  in  unison  with  the  innumer- 
able sounds  that  our  ear  perceives,  but  it  is  more  than  probable, 
that  in  certain  cases  it  is  stretched  by  the  internal  muscles,  or 
tensor  tympani,  and  in  others  relaxed  by  the  anterior  muscle  of  the 
malleus,  the  laxator  tympani. 

Hitherto  we  have  had  nothing  but  conjectures  on  this  curious 
question,  but  some  essays  of  M.  Savart  seem  to  have  developed 
the  truth. 

When  a thin  membrane  is  very  much  sti’etched,  it  vibrates  with 
difficulty,  that  is  to  say,  the  excursions  of  its  vibrating  parts  are 
very  confined  ; but  the  contrary  when  the  membrane  is  relaxed  : 
and  as  it  is  directly  proved  by  experience,  that  a membrana  tym~ 
pani  vibrates  in  situ  by  sonorous  undulations  which  arrive  at  its 
surface,  it  is  no  longer  doubtful,  that  the  more  it  is  stretched,  the 
less  is  the  amplitude  of  its  excursions.  It  is  highly  probable,  there- 
fore, that  it  is  relaxed  for  weak  or  agreeable  sounds,  and  becomes 
stretched  for  those  that  ai'e  too  intense  or  disagreeable. 

As  this  membrane  is  dry  and  elastic,  it  ought  to  transmit  the 
sound  very  well,  both  to  the  air  contained  in  the  tympanum,  and 
to  the  chain  of  little  bones  *.  The  chorda  tympani  cannot  fail  to 
participate  in  the  vibrations  of  the  membrane,  and  transmit  im- 
pressions to  the  brain.  The  contact  of  any  foreign  body  upon  the 
membrane  is  very  painful,  and  a violent  noise  also  gives  gi-eat  pain. 

The  membrane  of  the  tympanum  may  be  tora,  or  even  totally  de- 
stroyed, without  deranging  the  hearing  in  any  sensible  degree. 

Uses  of  the  cavity  of  the  tympanum. 

The  uses  of  this  are  to  transmit  sounds  from  the  external  to  uses  of  the 

. 1 mi  • • • {*  111  cavity,  and 

the  internal  ear.  1 his  transmission  or  sound  by  the  tympanum  ^ones. 
happens, — 1st,  by  the  chain  of  bones  which  has  a particular  action 


* For  the  different  opinions  regarding  the  use  of  this  membrane,  vide 
Haller,  p.  198,  199. 
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upon  the  membi  ane  of  the  Jenesira  ovalis;  * 2cl,  by  the  air  which 
fills  it,  and  which  acts  upon  the  wliole  petrous  portion,  but  par- 
ticularly upon  the  membrane  of  the  fenestra  ovalis  ; 3d,  by  its 
sides. 

It  seems  scarcely  to  l»e  doubted,  that  the  membrana  tympani 
has  still  for  its  object  to  maintain  before  the  fenestra  rotunda  a 
peculiar  species  of  atmosphere,  of  which  the  properties  are  by  no 
means  uniform,  tiiough  that  minute  mass  of  air  is  kept  constantly 
at  the  same  temperature  by  the  surrounding  bloodvessels  : with- 
out that  precaution,  the  membrane  of  the  fenestra  rotunda  would 
suffer  immediately,  as  must  happen  when  the  tympanum  is  extent 
sively  perforated- 

XJses  of  the  Eustachian  tube. 

The  use  of  this  part  is  to  renew  the  air  in  the  tympanum 
being  destroyed,  it  is  said  to  cause  deafness. 

The  notion  of  its  being  capable  of  carrying  sounds  to  the  inter- 
nal ear  is  erroneous  ; there  is  nothing  to  support  this  assertion  i 
it  permits  the  air  to  pass  in  cases  where  the  tympanum  is  struck 
by  violent  sounds,  and  it  permits  the  renewal  of  that  which  fills 
the  tympanum,  and  the  mastoid  cells.  The  air  in  the  tympanum 
being  much  rarified,  is  very  suitable  for  diminishing  the  intensity 
of  the  sounds  it  transmits; 


* “ Very  little  is  known  respecting  the  use  of  those  motions  which  arc 
impressed upon  the  chain  of  little  bones  in  the  tympanum.  Yet  since  all 
the  small  bones  are  united  together,  to  enable  the  first  and  last  to  touch,  the 
one  the  tympanum,  the  other  the  fenestra  ovalis  ; as  the  malleus,  besides,  is 
also  capable  of  some  motion,  it  seems  to  me,  that  in  order  to  prevent  lacera- 
tion, a mobility  of  the  small  pieces  composing  the  chain  must  originally  have 
been  indispensable.  Thus  it  still  appears  to  me,  that  when  the  malleus  is 
carried  backw’ards,  that  movement  advances  it  to  the  stapes,  which  compres- 
ses the  fluid  contained  in  the  labyrinth,  and  that  from  thence  it  must  result 
that  the  extent  of  the  oscillations  of  the  membrane  of  the  fenestra  rotunda 
must  become  more  confined.  In  fine,  I believe  that  the  chain  of  small  bones 
is  to  the  ear  the  same  as  the  bridge  to  the  violin.'’ — Savart,  Journ.  de  Phys.  iv. 
183. 

The  loss  of  the  small  bones,  except  the  stapes,  does  not  necessarily  incur 
a loss  of  hearing  : yet  I think  I have  remarked,  that  individuals  so  muti- 
lated did  not  retain  it  above  two  or  three  years. 
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Uses  of  the  mastoid  cells- 

Ttie  use  of  tlie  mastoid  «ells  is  not  well  known  ; it  is  supposed  uses  of  the 
tirat  they  help  to  augment  the  intensity  of  the  sound  that  arises  in 
rile  cavity.  If  they  produce  this  effect,  it  ought  to  be  rather  from 
the  vibrations  of  the  partitions  which  separate  the  cells,  than  from 
the  air  which  they  contain.  Sound  may  arrive  in  the  tympanum 
by  another  way  than  the  external  meatus  ; the  shocks  received  by 
the  bones  of  the  head  are  directed  towards  the. temples,  and  pei- 
ceived  by  the  ear.  It  is  well  known  that  the  movement  of  a 
watch  is  heard  distinctly  when  it  is  placed  in  contact  with  the 
teeth. 

Uses  of  the  internal  ear. 

We  know  little  of  the  functions  of  the  internal  ear  ; we  can  only  uses  of  the 
imagine  that  the  sonorous  vibrations  are  propagated  in  different 
modes,  but  principally  by  tbe  membrane  of  the  fenestra  ovalis.  by 
that  of  the  fenestra  rotunda,  and  by  the  internal  partition  of  tbe 
tympanum  ; that  the  liquor  of  Cotunnius  ought  to  suffer  vibrations 
which  are  transmitted  to  the  acoustic  nerve.  It  may  be  conceived 
how  necessary  it  is  that  this  liquid  should  give  way  to  those  vi- 
brations which  are  too  intense,  and  which  might  injure  this  nerve  ; 

Possibly,  in  this  case,  it  flows  into  the  aqueducts  of  the  cochlea, 
and  of  the  vestibule,  which,  in  this  respect,  would  have  a great 
deal  of  analogy  with  the  Eustachian  tube. 

The  internal  gyri  of  the  cochlea  ought  to  receive  the  vibrations 
principally  by  the  membrane  of  the  fenestra  ovalis  ; the  vestibule, 
by  the  chain  of  bones  ; the  semicirclar  canals,  by  the  sides  of  the 
tympanum,  and  perhaps  by  the  mastoid  cells,  which  frequently 
extend  beyond  the  canals.  But  the  aid  which  is  given  to  the 
hearing  by  each  separate  part  of  the  internal  ear,  is  totally  un- 
known. 

The  osseo-membranous  partition,  which  separates  the  cochlea 
into  two  parts,  has  given  rise  to  a hypothesis  which  no  one  now 
admits. 
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Action  of  the  The  impressions  are  received  and  transmitted  to  the  brain  by 
nerve.  the  acoustic  nerve  ; the  brain  perceives  them  with  more  or  less 
facility  and  exactness  in  different  individuals.  Many  people  have 
a false  ear  ; which  means,  that  they  do  not  distinguish  sounds  per- 
fectly. 

There  is  no  explanation  given  of  the  action  of  the  acoustic 
nerve  and  of  the  brain  in  bearing  ; but  we  have  made  some  obser- 
vations with  regard  to  them. 

In  order  to  be  heard,  sounds  must  be  within  certain  limits  of 
intensity.  Too  strong  a sound  hurts  us,  whilst  one  too  weak  pro- 
duces no  sensation.  We  can  perceive  a great  number  of  sounds 
at  once.  Sounds,  particularly  appreciable  sounds,  combined,  and 
succeeding  each  other  in  a certain  manner,  are  a source  of  agree- 
able sensations.  It  is  in  such  combinations,  for  tbe  production  of 
this  effect,  that  music  is  employed.  On  the  contrary,  certain  com- 
binations of  sound  produce  a disagreeable  impression  ; the  ear  is 
hurt  by  very  acute  sounds.  Sounds  which  are  very  intense,  and 
very  gi’ave,  hurt  excessively  the  membrane  of  the  tympanum.  By 
the  absence  of  the  liquor  of  Cotunnius,  the  hearing  is  destroyed. 
When  a sound  has  been  of  long  duration,  we  still  think  we  hear  it, 
though  it  may  have  been  some  time  discontinued. 

Action  of  the  two  apparatus. 

Action  of  the  We  receive  two  impressions,  though  we  perceive  only  one. 
tus,  It  has  been  said  that  we  use  only  one  ear  at  once,  but  this  notion 

is  erroneous. 

When  the  sound  comes  more  directly  to  the  one  ear,  it  is,  in 
reality,  distinguished  with  more  facility  by  that  one  than  by  tbe 
other  : therefore  in  this  case  we  employ  only  one  ear  ; and  when 
we  listen  with  attention  to  a sound  which  we  do  not  hear  exactly, 
we  place  ourselves  so  that  the  rays  may  enter  directly  into  the 
Planner  of  conclia  : but  when  it  is  necessary  to  determine  the  direction  of 

«stimaUng  ^ , 

distances.  the  sound,  that  is,  the  point  whence  it  proceeds,  we  are  obliged  to 
employ  both  ears  ; for  it  is  only  by  comparing  the  intensity  of  the 
two  impressions,  that  we  are  capable  of  deciding  from  whence 
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the  sound  proceeds-  If  we  shut  one  ear  perfectly  close,  and 
cause  a slight  noise  to  be  made,  in  a dark  place,  at  a short  dis- 
tance, it  would  be  often  impossible  to  determine  its  direction  ; in 
using  both  ears  this  could  be  determined.  In  these  cases  the  eye 
is  of  great  use,  for  even  in  using  both  ears  it  is  frequently  impos- 
sible to  tell  in  the  dar  k from  whence  a sound  comes.  By  the  Manner  of 

•'  ^ estimating  the 

sound  we  may  also  estimate  the  distance  of  the  body  from  which  distances  of 

^ sonorous 

it  proceeds  ; but  in  ordei-  to  judge  exactly  in  this  respect,  we  botUes. 
ought  to  be  perfectly  acquainted  with  the  nature  of  the  sound,  for 
without  this  condition  the  estimation  is  always  erroneous.  The 
principle  upon  which  we  judge  is,  that  an  intense  sound  proceeds 
Jroni  a body  which  is  near,  whilst  a feeble  sound  proceeds  from  a 
body  at  a distance  : if  it  happen  that  an  intense  sound  comes  from 
a distant  body,  whilst  a feeble  sound  proceeds  from  a body  which 
is  near,  we  fall  into  acoustic  errors.  We  are  generally  very  sub- 
ject to  deception  with  regard  to  the  point  whence  a sound  comes  ; 
sight  and  reason  are  of  great  use  in  assisting  our  judgment. 

The  different  degi'ees  of  convergence  and  divergence  of  the 
sonorous  rays,  do  not  seem  to  have  any  influence  on  hearing, 
neither  are  they  modified  in  their  course,  except  for  the  purpose 
of  making  them  enter  into  the  ear  in  greater  quantity  ; it  is  to 
produce  this  effect  that  speaking  trumpets  are  used  for  those  who 
do  not  hear  well.  Sometimes  it  is  necessary  to  diminish  the  in- 
tensity of  sounds  ; in  this  case,  a soft  and  scai  cely  elastic  body  is 
placed  in  the  external  meatus. 

Modifications  (f  hearing  by  age. 

The  eai'  is  formed  in  the  fetus  very  early.  Every  thing  that  Heariitg  at 
belongs  to  the  internal  ear,  to  the  small  bones,  is  nearly  the  same 
at  birth  as  afterwards  ; but  the  other  parts  of  the  middle  and  ex- 
ternal ear  are  not  yet  capable  of  acting,  which  establishes  a great 
difference  between  the  eye  and  the  ear.  The  pinna  is  relatively 
very  small  ; it  is  soft,  therefore  inelastic,  and  very  unfit  to  perform 
the  functions  which  belong  to  it.  The  sides  of  the  meatus  exter- 
nus  partake  of  the  structure  of  the  pinna  : the  membrane  of  the 
tympanum  is  very  oblique,  and  in  a certain  degree  becomes  a 
continuation  of  the  superior  side  of  the  meatus  ; it  is  therefoie 
very  ill  disposed  to  receive  the  sonorous  vibrations.  All  the  ex- 


72 


COMPENDIUM  OF  PHYSIOLOGY. 


Hearing  in 
the  infant. 


Hearing  in 
the  aged. 


Of  odours. 


ternal  ear  is  covered  with  a white  soft  matter,  which  also  prevents 
it  from  fulfilling  its  functions. 

The  cavity  of  the  tympanum  is,  in  proportion,  a little  smaller  ; 
in  place  of  air,  it  contains  a thick  mucus. 

The  mastoid  cells  do  not  exist  at  all.  In  the  progi’ess  of  age, 
the  auditory  apparatus  acquires  very  soon  in  the  adult  the  disposi- 
tions which  we  have  indicated.  In  old  age,  the  physical  changes 
that  it  suffers,  so  far  from  being  unfavourable,  like  the  eye,  seem 
on  the  contrary  to  give  it  a greater  perfection  ; all  the  parts  be- 
come harder  and  more  elastic  ; the  mastoid  cells  extending  quite 
to  the  top  of  the  petrous  portion,  thus  surround  all  the  cavities  of 
the  internal  ear. 

The  loudest  noises  do  not  affect  in  any  sensible  degree  the  new 
born  infant  ; after  some  time  it  appears  to  notice  acute  sounds  : 
these  are  also  the  sort  of  sounds  that  nurses  employ  to  attract  its 
attention. 

It  is  very  long  before  an  infant  can  judge  accurately  of  the  in- 
tensity and  of  the  direction  of  sound,  particularly  before  it  com* 
prebends  the  meaning  of  different  articulate  sounds.  For  a long 
time  it  pays  most  attention  to  the  sounds  which  are  acute  and  in- 
tense, in  the  same  manner  as  it  seems  most  delighted  with  a very 
brilliant  light. 

Though  the  auditory  apparatus  become  more  perfect,  in  a phy- 
sical sense,  with  age,  it  is,  however,  certain  that  the  hearing  be- 
comes more  dull  in  the  beginning  of  old  age,  and  there  are  few 
old  men  who  are  not  more  or  less  deaf.  This  circumstance  seems 
to  be,  on  the  one  hand,  from  a diminution  of  the  fluid  of  Co- 
tunnius,  and  on  the  other,  from  a diminution  of  sensibility  in  the 
acoustic  nerve. 


OF  SMELL. 

Tliere  escapes  from  almost  every  body  in  nature  certain  particles 
of  an  extreme  tenuity,  which  are  carried  by  the  air  often  to  a 
great  distance.  These  particles  constitute  odours  ; there  is  one 
sense  destined  to  perceive  and  appreciate  them  : thus  an  important 
relation  between  animals  and  bodies  is  established. 

All  bodies  of  which  the  atoms  are  fixed  are  called  inodorous. 
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The  difference  of  bodies  is  very  great  in  relation  to  the  manner  Manner  m 
in  which  odours  are  developed  : some  permit  them  to  escape  only  are  developed, 
when  they  are  heated  ; others  only  when  rubbed.  Some  again 
produce  very  weak  odours,  whilst  others  produce  only  those  which 
are  highly  powerful.  Such  is  the  extreme  tenuity  of  odoriferous 
particles,  that  a body  may  produce  them  for  a very  long  time 
without  losing  weight  in  any  sensible  degree. 

Every  odoriferous  body  has  an  odour  peculiar  to  itself. 

As  these  bodies  are  very  numerous,  there  have  been  attempts 
made  to  class  them,  which  have  nevertheless  all  failed. 

Odours  can  be  distinguished  only  into  weak  and  strong,  agree-  classification 
able  and  disagreeable.  We  can  recognise  odours  which  are  musky, 
aromatic,  fetid,  rancid,  spermatic,  pungent,  muriatic,  &c.  Some 
are  fugitive,  others  tenacious.  In  most  cases  an  odour  cannot  be 
distinguished  but  by  comparing  it  with  some  known  body.  There 
have  been  attributed  to  odours  properties  which  are  nourishing, 
medical,  and  even  poisonous  ; but  in  the  cases  which  have  given 
rise  to  these  opinions,  might  not  the  influence  of  odours  have  been 
confounded  with  the  effects  of  absorption  ? A man  who  pounds 
j jalap  for  some  time  will  be  purged  in  the  same  manner  as  if  he 
j had  actually  swallowed  part  of  it.  This  ought  not  to  be  attribu- 
ted to  the  effects  of  odours,  but  rather  to  the  particles  which,  being 
spread  around,  float  in  the  air,  and  are  introduced  either  with  the 
the  saliva,  or  with  the  breath  : we  ought  to  attribute  to  the  same 
cause  the  inebriation  of  persons  who  are  exposed  for  some  time 
to  the  vapours  of  spirituous  liquors.  The  air  is  the  only  vehicle  of  Propagation 

, • 1 !•  1 of  odours. 

odours  ; it  transports  them  to  a distance  : they  are  also  produced, 
however,  in  vacuo,  and  there  are  bodies  which  project  odoriferous 
particles  with  a certain  force.  This  matter  has  not  yet  been  care- 
fully studied  ; it  is  not  known  if,  in  the  propagation  of  odours, 
there  be  any  thing  analogous  to  the  divergence,  the  convergence, 
to  the  reflection,  or  the  refraction  of  the  rays  of  light.  Odours 
mix,  or  combine,  with  many  liquids,  as  well  as  solids.  This  is 
the  means  employed  to  fix,  or  preserve  them.  Liquids,  gases,  va- 
pours, as  well  as  many  solid  bodies  reduced  to  powder,  possess 
the  property  of  acting  on  the  organs  of  smell. 
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Apparatus  of  smell. 

The  olfactory  apparatus  ought  to  be  represented  as  a sort  of 
sieve,  placed  in  the  passage  of  the  aii',  as  it  is  introduced  into  the 
chest,  and  intended  to  stop  every  foreign  body  that  may  be  mixed 
with  the  air,  particularly  odours. 

This  apparatus  is  extremely  simple  ; it  differs  essentially  from 
that  of  sight,  and  of  hearing  ; and  since  it  presents  no  parts  ante- 
l ior  to  the  nerve,  destined  for  the  physical  modification  of  the  ex- 
ternal impulse,  the  nerve  is  to  a certain  degi-ee  exposed.  The  ap- 
paratus is  composed  of  the  pituitary  membrane,  which  covers  the 
nasal  cavities  of  the  membrane  which  lines  the  sinuses,  and  of  the 
olfactory  nerve. 

The  pituitary  membrane  covers  the  whole  extent  of  the  nostrils, 
increases  the  thickness  of  the  spongy  bones  very  much,  is  conti- 
nued beyond  their  edges  and  their  extremities,  so  that  the  air  can- 
not traverse  the  nostrils  but  by  long  narrow  passages.  This  mem- 
brane is  thick,  and  adheres  strongly  to  the  bones  and  cartilages 
that  it  covers.  Its  surface  presents  an  infinity  of  small  projections, 
which  have  been  considered  by  some  as  nervous  papillae,  by 
others  as  mucous  follicles,  but  which,  according  to  all  appearance, 
are  vascular. 

These  small  projections  give  to  the  membrane  an  appearance  of 
velvet.  The  pituitary  is  agreeable  and  soft  to  the  touch,  and  it 
receives  a great  number  of  vessels  and  nerves.  The  passages 
through  which  the  air  proceeds  to  arrive  at  the  fauces  deserve  at- 
tention. 

These  are  three  in  number  ; they  are  distinguished  in  anatomy 
by  the  names  of  inferior,  middle,  and  superior  meatus.  The  infe- 
rior is  the  broadest  and  longest,  the  least  oblique  and  least  crook- 
ed ; the  middle  one  is  narrowest,  almost  as  long,  but  of  gi'eater 
extent  from  top  to  bottom  : the  superior  is  much  shorter,  more 
oblique,  and  narrower.  It  is  necessary  to  add  to  these  the  inter- 
val, which  is  very  naiTow,  and  which  separates  the  septum  from 
the  external  walls  of  the  nostrils,  in  its  whole  extent.  These  ca- 
nals are  so  narrow,  that  the  least  swelling  of  the  pituitary  mem- 
brane renders  the  passage  of  the  air  in  the  nostrils  difficult,  and 
sometimes  impossible. 
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The  two  superior  meatuses  communicate  with  certain  cavities  of  of  the  sinuses, 
dimensions  more  or  less  considerable,  which  are  hollowed  out  of 
the  bones  of  the  head,  and  are  called  sinuses.  These  sinuses  are 
the  maxillarif,  the  palatine,  the  sphenoidal,  the  frontal  ; and  those 
which  are  hollowed  out  of  the  ethmoid  bone,  better  known  by  the 
name  of  ethmoidal  cells. 

The  sinuses  communicate  only  with  the  two  superior  meatuses. 

The  frontal,  the  maxillary  sinus,  the  anterior  cells  of  the  eth- 
moid bone,  open  into  the  middle  meatus;  the  sphenoidal,  the 
palatine  sinus,  the  posterior  cells  of  the  ethmoid,  open  into  the  su- 
perior meatus.  The  sinuses  are  covered  by  other  soft  membranes, 
very  little  adherent  to  the  sides,  and  which  appear  to  be  of  the 
mucous  kind.  It  secretes  more  or  less  abundantly  a matter  called 
nasal  mucus,  which  is  continually  spread  over  the  pituitary,  and  of  the  nasal 
seems  very  useful  in  smelling.  A more  considerable  extent  of  the 
sinuses  appears  to  coincide  with  a greater  perfection  of  smell  : this 
is  at  least  one  of  the  most  positive  results  of  comparative  physio- 
logy. 

The  olfactory  nerve  springs  by  three  distinct  roots,  from  the  olfactory 
posterior,  inferior,  and  internal  parts  of  the  anterior  lobe  of  the 
brain.  Prismatic  at  first,  it  proceeds  towards  the  perforated  plate 
of  the  ethmoid  bone  ; it  swells  all  at  once,  and  then  divides  itself 
into  a great  number  of  small  threads,  which  spread  themselves 
upon  the  pituitary  membrane,  principally  on  the  superior  part  of 
it.  Like  the  nerves  of  sight  and  hearing,  the  olfactory  nerve  is  in- 
sensible to  pressure,  puncture,  &c.,  and  even  to  the  contact  of 
bodies  of  which  the  odour  is  remarkably  strong. 

It  is  important  to  remark,  that  the  filaments  of  the  olfactory 
nerves  have  never  been  traced  upon  the  inferior  spongy  bones, 
upon  the  internal  surface  of  the  superior  spongy  bones,  nor  in  any 
of  the  sinuses.  The  pituitary  membrane  receives  not  only  the 
nerves  of  the  first  pair,  but  also  a great  number  of  threads,  which 
spring  from  the  internal  aspect  of  the  spheno- palatine  ganglion  ; 
these  threads  are  distributed  in  the  meatus,  and  in  the  inferior  part 
of  the  membrane.  It  covers  also,  for  a considerable  length,  the 
ethmoidal  thread  of  the  nasal  nerve,  and  receives  from  it  a consi- 
derable number  of  filaments.  The  membrane  which  covers  the 
sinus  receives  also  a number  of  nervous  ramifications. 

The  nasal fossae  communicate  outwardly  by  means  of  the  nos- 
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trils,  the  form  and  size  of  which  are  very  variable.  The  nostrils 
are  covered  with  hair  on  the  inside,  and  are  capable  of  being  in- 
creased in  size  by  muscular  action. — The  nasal  fossae  open  into 
the  pharynx  by  the  posterior  nostrils. 


Mechanism  of  smell. 


Mechanism  of 
smell. 


General  and 
special  sensibi- 
lity of  the  pi- 
tuitary mem- 
brane. 


Depends  on 
the  fiftli  pair. 


Experiments 
upon  smell. 


The  olfactory  apparatus  presents  itself  under  a very  different 
aspect  from  that  of  sight  or  hearing.  In  the  latter,  the  general 
sensibility  is  distinct,  by  its  situation,  from  the  special  sensibility. 
In  the  eye,  the  conjunctiva  exhibits  the  one,  the  retina  the  other  ; 
in  the  ear,  the  auditory  meatus  exercises  the  first,  and  the  acoustic 
nerve  is  the  seat  of  the  second.  But  in  the  pituitary  membrane, 
if  the  two  properties  exist,  they  are  a great  deal  more  difficult  to 
distinguish. 

Notwithstanding,  it  seems  that  the  two  phenomena  are  some- 
times insulated,  and  there  are  found  persons  who  have  no  smell, 
and  who  yet  have  the  pituitary  membrane  very  sensible  to  the  con- 
tact of  certain  bodies,  and  to  distinguish  the  physical  properties  : 
for  example,  the  different  sorts  of  snuff. 

Experience  has  demonstrated  to  me  that  the  general  sensibility 
of  the  pituitary  membrane  ceases  on  the  division  of  the  fifth  pair 
of  nerves  in  the  four  classes  of  vertebral  animals  : the  moment  this 
took  place,  no  contact,  no  puncture,  no  corrosive,  even,  produced 
a visible  impression  upon  the  membrane  of  the  nose  ; and  in  this 
respect,  the  pituitary  membrane  resembles  the  conjunctiva.  But 
what  is  most  remarkable,  the  same  insensibility  manifests  itself  for 
the  most  strong  and  penetrating  odours,  such  as  those  of  ammonia 
and  acetic  acid. 

It  would  seem,  then,  that  the  olfactory  nerve  is  in  the  same  case 
with  the  optic  and  acoustic  nerves  ; it  cannot  act  if  the  fifth  pair 
is  not  entirely  untouched.  But  a fact  follows,  which  seems  still 
more  alien  to  the  ideas  generally  received  regarding  the  function 
of  these  nerves. 

I destroyed,  in  a dog,  the  two  olfactory  nerves  : I presented  to 
the  animal  strong  odours,  he  perceived  them  perfectly,  and  con- 
ducted himself  exactly  as  he  would  have  done  had  he  been  in  his 
ordinary  state.  I then  made  the  same  trials  with  weak  odours, 
such  as  those  of  aliments,  but  I could  obtain  no  results  sufficiently 
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distinct  to  enable  me  to  affirm  that  that  kind  of  odour  acted  upon 
the  nose  of  the  animal.  It  may  then  be  possible  that  the  olfactory 
nerve  is  not  the  nerve  of  smell,  and,  that  the  olfactive  sensibility 
is  confounded  with  the  general  sensibility,  in  the  same  nerve. — 
f Journ.  de  Phys.  \v.J 

Smell  is  exerted  essentially  at  the  moment  when  the  air  tra- 
verses the  nasal  fossae  in  proceeding  towards  the  lungs.  We  very 
larely  perceive  any  odour  when  the  air  proceeds  from  the  lungs  ; 
it  happens  sometimes,  however,  particularly  in  organic  diseases  of 
the  lungs. 

The  mechanism  of  smell  is  extremely  simple  : — It  is  only  ne- 
cessary that  the  odoriferous  particles  should  be  stopt  upon  the  pi- 
tuitary membrane,  particularly  in  the  places  where  it  receives  the 
threads  of  the  olfactory  nerves. 

As  it  is  exactly  in  the  superior  part  of  the  nasal  fossae,  where 
the  passages  are  so  narrow,  that  they  are  covered  with  mucus,  it 
is  also  natural  that  the  paiticles  should  stop  there. 

We  may  conceive  the  utility  of  mucus  : its  physical  properties 
are  such,  that  it  appears  to  have  a much  greater  affinity  with  the 
odoriferous  particles  than  with  air  ; it  is  also  extremely  important 
to  the  olfactory  sense,  that  the  nasal  mucus  should  always  preserve 
the  same  physical  properties  ; whenever  they  are  changed,  as  is 
observed  in  different  degrees  of  coryza,  the  smell  is  either  not  ex- 
erted at  all,  or  in  a very  imperfect  manner. 

After  what  has  been  said  of  the  distribution  of  the  olfactory 
nerves,  it  is  evident  that  the  odours  that  reach  the  upper  part  of 
the  nasal  cavities  will  be  perceived  with  greater  facility  and  acute- 
ness : for  this  reason,  when  we  wish  to  feel  more  acutely,  and 
with  greater  exactness,  the  odour  of  any  body,  we  modify  the  air 
in  such  a manner  that  it  may  be  directed  towards  this  point.  For 
the  same  reason,  those  who  take  snuff  endeavour,  also,  to  make  it 
reach  the  upper  part  of  the  nasal  fossae.  The  internal  surface  of  the 
ossa  spongiosa  appears  well  disposed  to  stop  the  odours  at  the  in- 
stant the  air  passes.  And,  as  there  is  an  extreme  sensibility  in 
this  point,  we  are  inclined  to  believe  that  here  the  smell  is  exerted, 
though  filaments  of  the  first  pair  have  not  been  traced  so  far. 

Physiologists  have  not  yet  determined  the  use  of  the  external 
nose  in  smelling  ; it  appears  intended  to  direct  the  air  charged  with 
odours  towards  the  superior  part  of  the  nasal  cavities. 
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Those  persons  who  have  their  noses  defornaed,  particularly  if 
broken  ; those  who  have  small  nostrils,  directed  forward,  have  in 
general  almost  no  smell  : the  loss  of  the  nose,  either  by  sickness  or 
accident,  causes,  almost  entirely,  the  loss  of  smell.  According  to 
the  interesting  remark  of  M.  Bedard,  such  people  recover  the 
benefit  of  this  sense  by  the  use  of  an  artificial  nose. 

W^hat  is  the  use  of  the  sinuses  ? The  only  use  which  is  gene- 
rally admitted  is  that  of  furnishing  the  greater  part  of  the  nasal 
mucus.  The  other  uses  which  are  attributed  to  them  are,  to  serve 
as  a depot  to  the  air  charged  with  odoriferous  particles,  to  aug- 
ment the  extent  of  the  surface  which  is  sensible  to  odours,  and  to 
receive  a portion  of  the  air  that  we  inspwe  for  the  purpose  of  put- 
ting the  power  of  smell  in  action,  &c. — These  are  far  from  being 
certain. 

Vapours  and  gases  appear  to  act  in  the  same  manner  upon  the 
pituitary  membrane  as  odours,  i'  The  mechanism  of  it  ought,  how- 
ever, to  be  a little  different.  Bodies  reduced  to  a coarse  powder 
have  very  strong  action  on  this  membrane,  even  their  first  con- 
tact is  painful  ; but  habit  changes  the  pain  into  pleasure,  as  is  seen 
in  the  case  of  taking  snuff.  In  medicine,  this  property  of  the  pi- 
tuitary membrane  is  employed  for  the  purpose  of  exciting  a sharp 
instantaneous  pain. 

In  the  history  of  smell,  the  use  of  those  hairs  with  which  the 
nostrils  and  the  nasal  fossae  are  provided,  must  not  be  forgotten 
perhaps  they  are  intended  to  prevent  the  entrance  of  foreign  bodies 
along  with  the  air  into  the  nasal  fossae.  In  this  case,  they  would 
bear  a strong  analogy  to  the  eyelashes,  and  the  hairs  with  which 
the  ear  is  provided. 

Modifications  ofi  smell  by  age. 

The  olfactory  apparatus  is  but  little  developed  at  birth  ; the 
nasal  cavities,  the  different  convoluted  bodies,  scarcely  exist  ; the 
sinuses  do  not  exist  at  all,  and  yet  the  faculty  of  smelling  appears 
to  take  place.  I think  I have  observed  children,  a short  time  after 
birth,  exercise  the  faculty  of  smell  upon  the  food  which  was  given 
them.  The  nasal  cavities  are  developed  with  the  progress^of^age, 
the  sinuses  are  formed,  and  it  appears  that,  in  this  respect,  the  ol- 
factory apparatus  improves  even  to  old  age. 
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The  smell  continues  to  the  last  moments  of  life,  certain  injuries 
of  the  apparatus  excepted,  such  as  modifications  in  the  secretion  of 
the  mucus,  which  happen  very  often. 

Smell  is  intended  to  inform  us  with  regard  to  the  composition  uses  of  smcii. 
of  bodies,  and  particularly  of  those  used  for  food. 

Commonly,  a body  whose  odour  is  disagreeable  is  of  little  value 
for  food,  and  frequently  it  is  dangerous.  Many  animals  appear  to 
possess  a much  more  delicate  smell  than  we.  This  sense  is,  in 
other  respects,  a source  of  numerous  sensations  extremely  agree- 
able, and  which  have  a noted  influence  on  the  state  of  the  mind. 

OF  TASTE. 

Savours  are  only  the  impression  of  certain  bodies  upon  the  or- 
gan of  taste.  Bodies  which  produce  it  are  called  sapid. 

It  has  been  supposed  that  the  degree  of  sapidity  of  a body  could  The  sapidity 
be  determined  by  that  of  its  solubility  ; but  certain  bodies,  which  in  proportion 
are  insoluble,  have  a very  strong  taste,  whilst  other  bodies,  very  biiity, 
soluble,  have  scarcely  any.  The  sapidity  appears  to  bear  relation 
to  the  chemical  nature  of  bodies,  and  to  the  peculiar  efforts  which 
they  produce  upon  the  animal  economy. 

Tastes  are  very  numerous,  and  very  variable.  There  have  been  classification 
numerous  endeavours  made  to  class  them,  though  without  com- 
plete  success  ; they  are  better  understood,  however,  than  odours, 
no  doubt  owing  to  the  impressions  received  by  the  sense  of  taste 
being  less  fugitive  than  those  received  by  smell.  Thus  we  are  suf- 
ficiently understood,  when  we  spealc  of  a body  having  a taste  that 
is  bitter,  acid,  sour,  suieef,  &c. 

There  is  a distinction  of  tastes  which  is  sufficiently  established, 
it  being  founded  on  organization  : that  of  agreeable  and  disagree- 
able. Animals  exercise  it  instinctively.  This  is  the  most  import- 
ant distinction  ; for  those  things  which  have  an  agreeable  taste 
are  generally  useful  for  nutrition,  while  those  whose  savour  is  dis^ 
agreeable,  are,  for  the  most  part,  hurtful. 

Apparatus  of  taste. 

The  tongue  is  the  principal  organ  of  taste  ; however,  the  lips, 
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the  internal  surface  of  the  cheeks^  the  palate,  the  teeth,  the  velum 
pendulum  palati,  the  pharynx,  oesophagus,  and  even  the  stomach, 
are  susceptible  of  receiving  impressions  by  the  contact  of  sapid 
bodies. 

The  salivary  glands,  of  which  the  excretory  ducts  open  into  the 
mouth  ; the  follicles  which  pour  into  it  the  mucus  which  they 
secrete,  have  a powerful  effect  in  forming  the  taste.  Independent- 
ly of  the  mucous  follicles  that  the  superior  surface  of  the  tongue 
presents,  and  which  form  upon  it  fungous  papillae,  there  are  also 
little  inequalities  seen,  one  sort  of  which,  very  numerous,  are  called 
villous  papillae  ; the  others,  less  numerous,  and  disposed  in  two 
rows  on  the  sides  of  the  tongue,  are  called  conical  papillae. 

All  the  nerves  with  which  those  parts  are  provided  that  are  in- 
tended to  receive  the  impressions  of  sapid  bodies,  may  be  consi- 
dered as  belonging  to  the  apparatus  of  taste  Thus  the  inferior 
maxillary  nerves,  many  branches  of  the  superior,  amongst  which  it 
is  necessary  to  notice  the  filaments  which  proceed  from  the  spheno- 
palatine ganglion,  particularly  the  naso-palatine  nerve  of  Scarpa, 
the  nerve  of  the  ninth  pair,  glosso-pharyngaeus,  appear  to  be  em- 
ployed in  the  exercise  of  taste. 

The  lingual  nerve  of  the  fifth  pair  is  that  which  anatomists  con- 
sider the  principal  nerve  of  taste  ; and,  as  a reason,  they  say  that 
its  threads  are  continued  into  the  villous  and  conical  papillae  of 
the  tongue.  I have  endeavoured,  but  in  vain,  to  follow  them  so 
far  ; I have  used  the  most  delicate  instruments,  lenses,  and  micro- 
scopes made  on  the  principles  of  Dr  Wollaston,  and  all  to  no  ef- 
fect ; they  entirely  disappear  at  the  exterior  membrane  of  the 
tongue.^  The  other  nerves  of  this  organ  present  an  equal  diffi- 
culty. 

Mechanism  of  taste. 

For  the  full  exercise  of  taste,  the  mucous  membrane  which 
covers  the  organs  of  it  must  be  perfectly  uninjured;  it  must  be 
covered  with  mucous  fluid,  and  the  saliva  must  flow  freely  in  the 
mouth.  When  the  mouth  becomes  dry,  the  powers  of  taste  can- 
not be  excited. 

It  is  also  necessary  that  these  liquids  undergo  no  change  : for 
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if  the  mucus  become  thick,  yellow,  and  the  saliva  acid,  bitter,  &c., 
the  taste  will  be  exerted  but  very  imperfectly. 

Some  authors  have  assured  us  that  the  papillae  of  the  tongue 
become  really  erect  during  the  time  that  the  taste  is  exerted.  This 
assertion  I believe  to  be  entirely  without  foundation. 

It  is  quite  enough  that  a body  be  in  contact  with  the  organs  of 
taste,  for  us  to  appreciate  its  savour  immediately  ; but  if  it  is 
solid,  in  most  cases  it  must  dissolve  in  the  saliva  in  order  to  be 
tasted  ; this  condition  is  not  necessary  for  liquids  and  gases. 

There  appears  to  be  a certain  chemical  action  of  sapid  bodies  chemical  m- 
upon  the  epidermis  of  the  mucous  membrane  of  the  mouth  ; it  is  Sies^upon 

. , , , . . . 1 • 1 • 1 th®  organs 

seen  evidently  at  least  m some,  as  m vinegar,  the  mineral  acids,  a of  taste, 
great  number  of  salts,  &c.  In  these  different  cases  the  colour  of 
the  epidermis  is  changed,  and  becomes  white,  yellow,  &c.  By  the 
same  causes,  like  effects  are  produced  upon  dead  bodies.  Perhaps 
to  this  sort  of  combination  may  be  attributed  the  different  kinds 
of  impressions  made  by  sapid  bodies,  as  well  as  the  variable  dura- 
tion of  those  impressions. 

Hitherto  no  one  has  accounted  for  the  faculty  possessed  by  the 
teeth  of  being  strongly  influenced  by  certain  sapid  bodies.  Ac- 
cording to  the  researches  of  M.  Miel,  a distinguished  dentist  of 
Paris,  this  effect  ought  to  be  attributed  to  imbibition.  The  re- 
searches of  M.  Miel  prove  that  the  teeth  imbibe  very  quickly 
liquids  with  which  they  are  placed  in  contact.  Different  parts 
of  the  mouth  appear  to  possess  different  degrees  of  sensibility  for 
sapid  bodies  ; for  they  act  sometimes  on  the  tongue,  on  the  gums, 
on  the  teeth  ; at  other  times  they  have  an  exclusive  action  on  the 
palate,  on  the  pharynx,  &c.  Some  bodies  leave  their  taste  a long  Duration  of 
time  in  the  mouth  ; these  are  particularly  the  aromatic  bodies. 

This  after-taste  is  sometimes  felt  in  the  whole  mouth,  sometimes 
only  in  one  part  of  it.  Bitter  bodies,  for  example,  leave  an  im- 
pression in  the  pharynx  ; acids  upon  the  lips  and  teeth  : pepper- 
mint leaves  an  impression  which  exists  both  in  the  mouth  and 
pharynx. 

Tastes,  to  be  completely  known,  ought  to  remain  some  time  in 
the  mouth  ; when  they  traverse  it  rapidly,  they  leave  scarcely  any 
impression  ; for  this  reason  we  swallow  quickly  those  bodies  which 
are  disagreeable  to  us  ; on  the  contrary,  we  allow  those  that  have 
an  agreeable  savour  to  remain  a long  time  in  the  mouth. 

JF 
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When  we  taste  a body  wliicli  has  a very  strong  and  pertinacious 
taste,  such  as  a vegetable  acid,  we  become  insensible  to  otb.ers 
which  are  feeble.  This  observation  lias  been  found  valuable  in 
medicine,  in  administering  disagreeable  drugs  to  the  sick.  We  are 
capable  of  distinguishing  a number  of  tastes  at  the  same  time,  as 
also  their  different  degrees  of  intensity  ; this  is  practised  by  che- 
mists, tasters  of  wine,  &c.  By  this  means  we  arrive  sometimes  at 
a tolerably  exact  knowledge  of  the  chemical  nature  of  bodies  ; but 
such  delicacy  of  taste  is  not  acquired  until  after  long  practice. 

Is  the  lingual  nerve  that  which  is  essential  to  taste  ? — This 
question,  formerly  so  obscure,  offers  at  present  not  the  least  diffi- 
culty. Physiological  and  pathological  experience  solve  it  com- 
pletely. 

If  the  lingual  nerve  is  cut  in  an  animal,  the  tongue  continues  to 
move,  but  it  has  lost  the  property  of  being  sensible  to  savours.  In 
that  case  the  palate,  the  gums,  the  interior  aspect  of  the  cheeks, 
preserve  their  aptitude  to  exercise  taste.  But  if  the  trunk  of  the 
fifth  pair  be  cut  within  the  cranium,  then  the  property  of  recog- 
nising savours  is  completely  lost  for  every  species  of  body,  even 
the  most  acrid  and  caustic,  in  the  tongue,  the  lips,  the  cheeks,  the 
teeth,  the  gums,  the  palate,  &c.  (Journal  de  Phijs.  iv.)  This 
total  abolition  of  the  sense  of  taste  exists  in  persons  who  have  the 
trunk  of  the  fifth  pair  diseased.  “ Every  thing  that  I chewed,” 
said  a patient  so  affected  to  me,  “ seemed  to  be  earth,  that  I was 
eating.” 

In  the  sense  of  taste,  the  general  sensibility  is  confounded  with 
that  which  appears  special,  and,  what  is  singular,  the  two  pheno- 
mena belong  evidently  to  the  same  nerve. 

Modifications  of  taste  ly  age. 

It  is  difficult  to  say  if  taste  exists  in  the  fetus  ; the  principal 
organ  is  very  much  developed,  as  well  as  the  nerves  that  are  em- 
ployed in  it.  This  sense  exists  in  the  new-born  infant,  as  may 
easily  be  proved  by  putting  a salt  or  bitter  substance  upon  the 
tongue  or  in  the  mouth. — Children  appear  to  have  a very  quick 
taste  ; they  refuse,  in  general,  all  sorts  of  food  which  have  a strong 
gout. 
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Taste  coiitinues  to  extreme  old  aae  ; it  becomes  weak  indeed,  of  taste  in 

, , , âge. 

and  old  people  require  food  and  drink  which  have  a strong  taste  ; 
but  this  is  in  unison  with  the  wants  of  organization,  to  which  ac- 
tive excitants  are  necessary  for  the  preservation  of  its  expiring 
powers. 

The  choice  of  food  depends  entirely  on  the  taste;  joined  to  uses  of  taste, 
smell,  it  enables  us  to  distinguish  between  substances  that  are  hurt- 
ful and  those  that  are  useful.  It  is  this  sense  which  gives  us  the 
most  correct  knowledge  of  the  composition  of  chemical  bodies. 


OF  TOUCH. 

By  touch  we  are  enabled  to  know  the  properties  of  bodies  ; and 
as  it  is  less  subject  to  deception  than  the  other  senses,  enabling  us 
in  certain  cases  to  clear  up  errors  into  which  the  others  have  led  us, 
it  has  been  considered  the  first,  and  the  most  excellent  of  all  the 
senses  ; but  we  will  see  that  those  advantages  which  have  been  at- 
ti’ibuted  to  it  by  physiologists  and  metaphysicians  must  be  con- 
siderably limited. 

We  ought  to  distinguish  tact  from  touch.  Tact  is,  with  some  Distinction 
few  exceptions,  generally  diffused  through  all  our  oi’gans,  and  par- tou^ch.^ 
ticularly  over  the  cutaneous  and  mucous  surfaces.  It  exists  in  all 
animals  : whilst  touch  is  exerted  evidently  only  by  parts  that  are 
intended  particularly  for  this  use  ; it  does  not  exist  in  all  animals, 
and  it  is  nothing  else  but  tact  united  to  muscular  contractions  di- 
rected by  the  will. 

In  the  exercise  of  tact  we  may  be  considered  as  passive,  whilst 
we  are  essentially  active  in  the  exercise  of  touch. 

Physical  properties  of  bodies  •which  employ  the  action  of  touch. 

Almost  all  the  physical  properties  of  bodies  are  susceptible  of  Physical  pro- 
acting upon  the  organs  of  touch  ; form,  dimensions,  different  de-  dks'tha°/a*ct 
grees  of  consistence,  weight,  temperature,  locomotion,  vibration,  gans"of  touch, 
fkc.  are  all  so  many  circumstances  that  are  exactly  appreciated  by 
the  touch. 

The  organs  destined  to  touch  do  not  alone  exercise  this  function  ; Apparatus  of 
so  that  in  this  respect  the  touch  differs  much  from  the  other  senses. 

As  in  most  cases  it  is  the  skin  which  receives  the  tactile  impres» 
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sions  produced  by  the  bodies  which  surround  us,  it  is  necessary  to 
say  something  of  its  structure. 

The  skin  forms  the  envelope  of  the  body;  it  is  lost  in  the  mu- 
cous membranes  at  the  entrance  of  all  the  cavities  ; but  it  is  impro- 
per to  say  that  these  membranes  are  a continuation  of  it. 

The  skin  is  formed  principally  by  the  cutis  vent  or  chorion,  a 
fibrous  layer  of  various  thickness,  according  to  the  part  which  it 
covers  ; it  adheres  by  cellular  tissue,  more  or  less  firm,  at  other 
times  by  fibrous  attachments.  The  chorion  is  almost  always  sepa- 
rated from  the  subjacent  parts  by  a layer  of  a greater  or  less  thick- 
ness, which  is  of  use  in  the  exercise  of  touch. 

The  external  side  of  the  chorion  is  covered  by  the  epidermis,  a 
solid  matter  secreted  by  the  skin.  We  ought  not  perhaps  to  con- 
sider the  epidermis  as  a membrane  ; it  is  rather  a homogeneous 
layer,  adherent  by  its  internal  aspect  to  the  chorion,  and  perforated 
by  a great  number  of  holes,  of  which  one  sort  are  for  the  passage 
of  the  hair,  and  the  other  for  that  of  cutaneous  perspiration  ; they 
serve  at  the  same  time  for  the  absorption  which  takes  place  by 
the  skin.  These  last  are  called  the  pores  of  the  skin. 

It  is  necessary  to  notice,  with  regard  to  the  epidermis,  that  it  is 
void  of  feeling  ; that  it  seems  to  possess  none  of  the  properties  of 
life  ; that  it  is  not  subject  to  putrefaction  ; that  it  wears  and  is 
renewed  continually  ; that  its  thickness  augments  or  lessens  as  it 
may  he  necessary  ; it  is  even  said  to  be  proof  to  the  action  of  the 
digestive  organs. 

The  connexion  of  the  epidermis  with  the  chorion  is  very  close  ; 
and  yet  it  cannot  be  doubted  that  there  is  a paiticular  layer  be- 
tween these  two  parts,  in  which  certain  particular  phenomena  take 
place.  The  organization  of  this  layer  is  yet  little  known.  Mal- 
pighi believed  it  to  be  formed  of  a particular  mucus,  the  existence 
of  which  has  been  long  admitted,  and  which  bore  the  name  of  the 
corpus  mucosum  of  Malpighi.  Other  authors  have  considered  it, 
more  justly,  as  a vascular  network  ; * M.  Gall  makes  it  similar  to 
the  brown  matter  which  is  seen  in  many  parts  of  the  brain. 

M.  Gautier,  in  examining  attentively  the  external  surface  of  the 
true  skin,  has  noticed  some  small  reddish  projections,  disposed  in 


■ There  are  seen  upon  dead  bodies,  on  the  external  surface  of  the  cutis 
Itéra,  numerous  bloodvessels,  very  delicate  and  full  of  blood  ; and  in  the 
places  where  blisters  have  been  applied  some  time  before  death. 
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pairs  ; they  are  easily  perceived  when  the  chorion  is  laid  bare  by 
a blister.  These  little  bodies  are  regularly  disposed  upon  the  palm 
of  the  liand,  and  on  the  sole  of  the  foot.  They  are  sensible,  and  Vascular  buds 
are  reproduced  when  tFey  have  been  torn  out.  1 hey  appear  to  be 

essentially  vascular.  These  bodies,  without  being  understood, 
have  been  long  called  the  papillae  of  the  skin.  The  epidermis  is 
pierced  by  little  holes,  opposite  their  tops,  through  which  small 
drops  of  sweat  are  seen  to  issue,  when  the  skin  is  exposed  to  an 
elevated  temperature.  The  skin  contains  a great  number  of  seba- 
ceous follicles  ; it  receives  a great  number  of  vessels  and  nerves, 
particularly  at  the  points  where  the  sense  of  touch  is  more  im- 
mediately exercised. — The  mode  in  which  the  nerves  are  termi- There  exist 
nated  in  the  skin  is  totally  unknown  ; all  that  has  been  said  of  the  papillae  of 
cutaneous  nervous  papillae  is  entirely  hypothetical. 

The  exercise  of  tact  and  of  touch  is  facilifaited  by  the  thinness  Conditions 
, . 1 1 • /*  1 favourable  to 

01  the  cutis  vera,  by  a gentle  elevation  oi  temperature,  by  an  the  exercise 
, ,,  ^ r . „ , -I-,  of  tact  and 

abundant  cutaneous  perspiration,  as  well  as  by  a certain  thickness  touch. 

and  flexibility  of  the  epidermis  ; when  the  contrary  dispositions 

exist,  the  tact  and  the  touch  are  always  more  or  less  imperfect. 

Hitherto  physiologists  have  considered  all  the  nerves  as  being- 
able  to  concur  in  producing  tact,  or  even  touch  j this  notion  is  far 
from  being  exact  : experience  shews,  on  the  contrary,  that  a great 
number  of  nerves  do  not  appear  endowed  with  that  property  ; and 
in  the  same  nerve,  all  the  filaments  do  not  present  themselves  ; for 
example,  in  most  of  the  nerves  which  proceed  from  the  spinal 
marrow  by  two  species  of  roots,  the  one  anterior  and  the  other 
posterior,  the  last  alone  appear  to  become  subservient  to  the  tact 
of  the  organs  of  the  trunk  and  members. 

Mechanism  of  tact. 

The  mechanism  of  tact  is  extremely  simple  ; it  is  sufficient  that 
bodies  be  in  contact  with  the  skin  to  furnish  us  with  data,  more  or 
less  exact,  of  their  tactile  properties.  By  tact  we  judge  particu- 
larly of  temperature.  When  bodies  are  near  the  point  at  which 
they  deprive  us  of  caloric,  we  call  them  cold  ; when  they  yield  it 
to  us,  we  say  they  are  hot  ; and  according  to  the’quantity  of  calo- 
ric which  they  give  or  take,  we  determine  their  different  degrees 
of  heat  or  cold.  The  notions  that  we  have  of  temperature  are,  Erroisoftact. 
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nevertheless,  far  from  being  exactly  in  relation  to  the  quantity  of 
caloric  that  bodies  yield  to  us,  or  take  from  us  ; we  join  with  it  un- 
awares a comparison  with  the  temperature  of  the  atmosphere,  in 
such  a manner  that  a body  colder  than  ours,  but  hotter  than  the 
atmosphere,  appears  hot,  though  it  really  deprive  us  of  caloric  when 
we  touch  it.®  On  this  account  places  which  have  a uniform  tem- 
perature, such  as  cellars  or  wells,  appear  cold  in  summer,  and  hot 
in  winter.  The  capacity  also  of  bodies  for  caloric  has  a great  in- 
fluence upon  us  with  regard  to  temperature  ; as  an  example  of  this 
we  have  only  to  notice  the  great  diffei’ence  of  sensation  produced 
by  iron  and  wood,  though  the  temperature  of  both  be  the  same. 

A body  which  is  sufficiently  hot  to  cause  a chemical  decompo- 
sition of  our  organs,  produces  the  sensation  of  burning.  A body 
whose  temperature  is  so  low  as  to  absorb  quickly  a great  portion 
of  the  caloric  of  any  part,  produces  a sensation  of  the  same  sort 
nearly  : this  may  be  proved  in  touching  frozen  mercury. 

The  bodies  which  have  a chemical  action  upon  the  epidermis, 
those  that  dissolve  it,  as  the  caustic  alkalies,  and  concentrated 
acids,  produce  an  impression  which  is  easy  to  be  recognised,  and 
by  which  these  bodies  may  be  known. 

Different  Every  part  of  the  skin  is  not  endowed  with  the  same  sensibili- 

Kave^not  tîe"  Same  body  applied  to  different  parts  of  the  skin,  in 

succession,  will  produce  a series  of  different  impressions. 

Tact  of  the  The  mucous  membranes  possess  great  delicacy  of  tact.  Every 
mucous  mem-  one  knows  the  great  sensibility  of  the  lips,  the  tongue,  of  the  con- 
junctiva, the  pituitary  membrane,  of  the  mucous  membrane,  of  the 
trachea,  of  the  urethra,  of  the  vagina,  &c.  The  first  contact  of 
bodies,  which  are  not  destined  naturally  to  touch  these  membranes, 
is  painful  at  first,  but  this  soon  wears  off. 

The  tact  of  these  parts  is  available  even  upon  vapour  ; who 
knows  not  that  ammoniacal,  even  acid  vapours,  affect  the  conjunc- 
tiva, the  larynx,  &c.  ? This  phenomenon  has  an  evident  analogy 
with  smell. 


Mechanism  of  touch- 

Of  the  hand  hand  is  the  principal  organ  of  touch;  all  the  most 

suitable  circumstances  are  united  in  it.  The  epidermis  is  thin, 
smooth,  flexible  ; the  cutaneous  perspiration  abundant,  as  well  as 
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the  oily  secretion.  The  vascular  eminences  are  more  numerous 
there  than  any  where  else.  The  chorion  has  but  little  thickness  ; 
it  receives  a great  number  of  vessels  and  nerves  ; it  adheres  to  the 
subjacent  aponeuroses  by  fibrous  adhesions,  and  it  is  sustained  by 
a highly  elastic  cellular  tissue.  The  extremities  of  the  fingers 
possess  all  these  properties  in  the  highest  degree  : the  motions  of 
the  hand  are  very  numerous,  and  performed  with  facility  ; and  it 
may  be  applied  with  ease  to  any  body,  of  whatsoever  form.  ^ 

As  long  as  the  hand  remains  unmoved  at  the  surface  of  a body, 
it  acts  only  as  an  organ  of  tact.  To  exercise  touch,  it  must  move, 
either  by  passing  over  the  surface,  to  examine  form,  dimensions, 

&c.  or  by  pressing  it,  for  the  purpose  of  determining  its  consistence, 
elasticity,  &c. 

We  use  the  whole  hand  to  touch  a body  of  considerable  dimen- 
sions ; if,  on  the  contrary,  a body  is  very  small,  we  employ  only 
the  points  of  the  fingers.  This  delicacy  of  touch  in  the  fingers 
has  given  man  a great  advantage  over  the  animals.  His  touch  is 
so  delicate,  that  it  has  been  considered  the  source  of  his  intelli- 
gence. 

From  the  highest  antiquity  touch  has  been  considered  of  more  perfection  of 
importance  than  any  of  the  other  senses  ; it  has  been  supposed 
the  cause  of  human  reason.  This  idea  has  continued  to  our 
times  ; it  has  been  even  remarkably  extended  in  the  writings  of 
Condillac,  of  Bufifon,  and  other  modern  physiologists.  BuflPon,  in 
particular,  gave  such  an  importance  to  the  touch,  that  he  thought 
one  man  had  little  more  ability  than  another,  but  only  in  so  far  as 
he  had  been  in  the  habit  of  making  use  of  his  hands.  He  said  it 
would  be  well  to  allow  children  the  free  use  of  their  hands  from 
the  moment  of  their  birth  *. 

The  touch  does  not  really  possess  any  prerogative  over  the  Touch  has  no 
other  senses  ; and  if  in  certain  cases  it  assists  the  eye  or  the  ear,  overThe'other 
it  receives  aid  from  them  in  others,  and  there  is  no  reason  to  be- 


• There  exists  at  this  moment,  in  Paris,  a young  artist,  who  has  no  trace  of 
arms,  fore-arms,  or  hands  ; his  feet  have  one  toe,  the  second,  less  than  ordi- 
nary ; and  notwithstanding,  his  mind  is  nothing  inferior  to  that  of  youths 
of  his  age  ; he  even  exhibits  the  promise  of  considerable  talents.  He  draws 
and  paints  with  his  feet. 
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Here  thnt  it  excites  ideas  in  the  brain  of  a higher  order  than  those 
which  are  produced  by  the  action  of  the  other  senses. 

Modifications  of  tact  and  touch  by  age. 

Does  the  fetus  possess  tact  and  touch  ? Probably  it  does  not, 
at  least  taking  it  in  the  most  limited  sense.  It  is  supposed  that 
the  first  contact  of  air  upon  the  skin  of  a new-born  infant  occasions 
acute  pain,  and  is  the  cause  of  its  crying.  I conceive  that  this 
idea  is  not  well  founded^ 

Both  tact  and  touch  lose  much  of  their  delicacy  by  age.  They 
become  sensibly  impaired  in  the  aged  ; but  this  is  occasioned  by 
the  skin  undergoing  an  unfavourable  change  : the  epidermis  is  no 
longer  so  flexible,  and  the  perspiration  by  the  skin  becomes  imper- 
fect ; and  the  fat  which  formerly  sustained  the  chorion  having  dis- 
appeared, it  becomes  wrinkled  and  flaccid.  It  may  be  easily  un- 
derstood that  all  these  causes  injure  the  exercise  both  of  tact  and 
touch  ; above  all,  when  it  is  known  that  the  entire  faculty  of  per- 
ception is  much  diminished  in  old  people. 

The  touch  is  capable  of  arriving  at  a great  degree  of  perfection, 
as  is  seen  in  many  professions.  For  medical  men  a very  delicate 
sense  of  touch  is  absolutely  necessary. 

Of  internal  sensations- 

All  the  organs,  as  well  as  the  skin,  possess  the  faculty  of  trans- 
mitting impressions  to  the  brain,  when  they  are  touched  by  exte- 
rior bodies,  or  when  they  are  compressed,  bruised,  &c.  It  may  be 
said  that  they  generally  possess  tact.  There  must  be  an  excep- 
tion made  of  the  bones,  the  tendons,  the  aponeuroses,  the  liga- 
ments, &c.  ; which  in  a healthy  state  are  insensible,  and  may  be 
cut,  burned,  torn,  without  any  thing  being  felt  by  the  brain. 

A fact,  according  to  admitted  ideas  almost  incredible,  is,  that 
several  nerves  appear  to  be  in  the  same  state  as  the  tendons,  &c. 
They  are  insensible  to  mechanical  stimuli.  See  the  detail  of  my 
experiments.  Jour,  de  Phys.  iv.  399. 

This  important  fact  was  not  known  to  the  ancients  ; they  con- 
sidered all  the  white  parts  as  nervous,  and  attributed  to  them  all 
those  properties  which  we  now  know  belong  only  to  the  nerves. 
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These  useful  results,  which  have  had  a great  influence  upon  the 
recent  progress  of  surgery,  we  owe  to  Haller  and  his  disciples. 

All  the  organs  are  capable  of  transmitting  spontaneously  a great 
number  of  impressions  to  the  brain  without  the  intervention  of  any 
external  cause.  They  are  of  three  sorts.  The  first  kind  take 
place  when  it  is  necessary  for  the  organs  to  act;  they  are  called 
'wants,  instinctive  desires.  Such  are  hunger,  thirst,  the  necessity  instinctive 

« wantSt 

of  making  water,  of  respiration,  the  venereal  impulse,  &c.  The 
second  sort  take  place  during  the  action  of  the  organs  ; they  are  sentiments 

« , , . . 1 rr.1  • .1.1  which  accom 

frequently  obscure,  sometimes  very  violent.  1 he  impressions  which  pany  the  ac- 
accompany  the  different  excretions,  as  of  the  semen,  the  urine,  are  organs, 
of  this  number. 

Such  are  also  the  impressions  which  inform  us  of  our  motions, 
of  the  periods  of  digestion  : — even  thought  seems  to  belong  to  this 
kind  of  impression. 

The  third  kind  of  internal  sensations  are  developed  when  the  feelings 

* ^ which  follow 

organs  have  acted.  To  this  kind  belongs  the  feeling  of  fatigue, 
which  is  variable  in  the  different  sorts  of  functions. 

The  impressions  which  are  felt  in  sickness  ought  to  be  added  Painful  sen- 

^ ° saüons. 

to  these  three  sorts  : these  are  much  more  numerous  than  the 
others.  The  study  of  them  is  absolutely  necessary  to  the  phy- 
sician. 

All  those  sensations  which  proceed  from  within,  and  which  have 
no  dependence  upon  the  action  of  exterior  bodies,  have  been  col- 
lectively denominated  internal  sensations,  ox  feelings.  They  were 
neglected  by  the  metaphysicians  of  the  last  age  ; but  they  have 
been  studied  in  our  times  by  many  distinguished  authors,  particu- 
larly by  Cabanis,  and  M.  Destutt  Tracy,  and  their  history  is  one 
of  the  most  curious  parts  of  Ideology- 

Of  the  'pretended  sixth  sense.  ^ 

Buffon,  in  speaking  of  those  vehement  agreeable  sensations 
which  are  produced  by  the  connexion  of  the  sexes,  says,  in  a figu- 
rative language,  that  they  are  dependent  on  a sixth  sense. 

The  professors  of  magnetism,  and  particularly  those  of  Ger-  of  the  sixth 
many,  speak  a great  deal  of  a sense  which  is  présent  in  all  the 
others,  which  wakes  when  they  sleep,  and  which  is  displayed  more 
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especially  in  sleep-'walkers  ; those  persons  receive  from  it  the  power 
of  predicting  events. 

The  instinct  of  animals  is  formed  by  this  sense  ; and  it  enables 
them  to  foresee  dangers  which  are  near.  It  resides  in  the  bones, 
the  bowels,  the  ganglion,  and  the  plexus  of  the  nerves.  To  an- 
swer such  reveries  would  be  a mere  losing  of  time. 

A peculiar  organ  having  been  discxjvered  by  M.  Jacobson  in  the 
os  incisivum  of  animals,  he  supposed  tliat  it  might  be  the  source  of 
a distinct  order  of  sensations,  but  without  producing  any  sort  of 
proof. 

To  conclude,  the  faculty  possessed  by  bats,  of  flying  in  the 
darkest  places,  caused  Spallanzani,  and  M.  Jurine  of  Geneva,  to 
imagine  that  they  were  endowed  with  a sixth  sense  ; but  M.  Cu- 
vier has  shown  that  this  faculty  of  guiding  themselves  in  the  dark 
ought  to  be  attributed  to  the  sense  of  touch. 

Tliere  exists,  then,  no  sixth  sense. 


OF  SENSATIONS  IN  GENERAL*. 

The  sensations  form  the  first  part  of  relative  life  ; they  establish 
our  passive  relations  with  surrounding  bodies,  and  with  ourselves. 
This  expression  of  jjassive,  as  will  be  easily  perceived,  is  true  only 
in  a certain  respect  ; for  the  sensations,  as  well  as  the  other  func- 
tions, ai’e  the  result  of  the  action  of  the  organs,  and  are  therefore 
essentially  active. 

Causes  which  Evei’v  tliinsr  that  exists  is  capable  of  acting:  on  our  senses  ; bv 

operate  on  the  . , • p i p i ° ^ 

organs  of  this  means  alone  we  are  informed  of  the  existence  of  bodies. 

sense. 

. Bodies  sometimes  act  directly  upon  our  organs  ; sometimes  their 
action  takes  place  by  the  means  of  intermediate  bodies,  such  as 
light,  odours,  &c. 

Most  bodies  are  capable  of  acting  on  several  of  our  senses  ; 
others  have  no  action  but  on  one. 


* General  considerations  being  founded  on  the  knowledge  of  particular 
facts,  we  shall  alw'ays  place  them  after  the  latter.  Such  an  order  is  conform- 
able to  the  mechanism  by  which  ideas  are  formed. 
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The  apparatus  of  the  senses  is  formed  of  an  exterior  part,  which  Apparatus  of 

^ i ' the  senses. 

presents  physical  properties  in  relation  with  those  of  bodies,  and 
of  nerves  which  receive  the  impressions,  and  transmit  them  to  the 
brain. 

The  exterior  apparatus  of  sight  and  of  hearing  is  very  complex  ; Exterior  part, 
in  the  other  senses  it  is  very  simple  ; but,  in  the  wliole,  the  rela- 
tion between  their  physical  properties  and  substances  is  such, 
that  the  least  alteration  of  these  cause  a marked  confusion  in  the 
function. 


Of  the  nerves^ 

The  nerves  which  form  the  second  part  of  the  apparatus  of  sen-  or  the  nerves, 
sation,  are  m’gans  essential  to  the  senses. 

Every  nerve  has  two  extremities  : the  one  is  confounded  with 
the  substance  of  the  brain  ; the  other  is  variously  disposed  in  the 
orgarls.  These  two  extremities  have  by  turns  been  called  the 
origin  or  termination  of  the  nerves. 

Some  suppose  that  the  nerves  spring  from  the  brain,  and  termi-  Extremities 

* ^ 1 ° 1 1 . • °^  nerves. 

nate  in  the  organs  ; others  imagine  that  the  nerves  have  their  ori- 
gin in  the  organs,  and  form  the  brain  by  their  union.  These  ex- 
pressions are  not  exact,  and  present  a false  idea  ; they  could  be 
useful  only  in  the  description  of  organs  ; and,  as  they  may  easily 
be  replaced  without  confusion,  perhaps  it  would  be  better  to  aban- 
don them.  It  is  clear  that  the  brain  is  no  more  formed  by  the 
union  of  the  nerves,  than  that  the  nerves  spring  from  the  brain. 

We  express  metaphorically  by  these  terms,  the  site  or  disposition 
of  the  two  extremities  of  every  nerve. 

The  cerebral  extremity  of  the  nerves  present  very  fine  soft  fila-  Cerebral  ex- 

^ ^ ^ ‘ •'  tremities  of 

ments,  which  become  a continuation  of  the  substance  of  the  brain,  the  nerves, 
at  a little  distance  from  the  point  where  they  begin  to  be  seen. 

These  filaments  united  form  the  nerve. 

The  nerves  are  in  some  respects  very  different  from  one  another  { The  nerves 

, , „ , , , . . , different  from 

some  are  round,  others  are  Hat  ; others  seem  to  have  their  sides  one  another, 
fluted  ; some  are  very  long,  others  are  very  short.  As  to  colour 
and  form,  there  are  not  two  nerves  which  are  exactly  alike. 

They  are  in  general  so  placed  as  to  be  rarely  exposed  to  external 
injuries. 
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•Structure  of 
the  nerves. 


The  nerves  in  their  direction  towards  different  parts  are  divided 
into  different  ramifications  : they  terminate  in  the  organs  in  suc!» 
fine  filaments,  that  they  can  be  no  longer  seen,  even  by  optical  in- 
. struments.  The  nerves  communicate  with  each  other,  join,  and 

wnnhmtions”'^  what  is  termed  a plexus.  Except  the  optic  nerve,  of  which 
ot  the  nerves,  opganic  extremity  can  easily  be  seen,  and  that  of  the  ear,  upon 

which  we  have  some  notions,  the  disposition  of  the  extremities  of 
the  nervous  filaments  is  totally  unknown.  There  has  been  much 
said  of  the  extremities,  or  nervous  papillae,  which  are  still  spoken 
of  in  physiological  explanations  ; but  every  thing  which  has  been 
said  on  this  subject  is  purely  imaginary.  It  can  easily  be  shown 
that  the  bodies  that  have  been,  and  are  still  called  nervous  papillae, 
are  not  so. 

The  nerves  are  generally  formed  of  very  fine  filaments,  which 
are  probably  divided  into  threads  still  finer,  if  our  means  of  divi- 
sion were  sufficiently  perfect  to  discover  them.  These  filaments, 
which  have  been  called  nervous  fibres,  communicate  frequently 
with  one  another,  and  affect  in  the  body  of  the  nerves,  a disposi- 
tion which  is  the  same  on  a small  scale  as  the  plexus  is  on  a great. 
It  is  generally  supposed  that  every  fibre  is  formed  by  an  envelope 
{neurilema),  and  a central  pulp  of  the  same  nature  as  the  cerebral 
substance.  I believe  what  has  been  said  in  this  respect  is  merely 
hypothetical. 

I have  endeavoured  to  repeat  the  preparations  according  to  the 
directions  of  anatomists,  in  order  to  see  this  structure,  and  what- 
ever care  I may  have  taken,  I have  never  yet  succeeded.  The  te- 
nuity alone  of  the  nervous  fibres  seems  to  me  a powerful  objection. 
When,  by  the  aid  of  the  microscope,  the  fibre  itself  can  scarcely 
be  seen,  and  which  may  reasonably  be  supposed  to  be  formed  of  a 
number  of  smaller  fibres,  how  is  it  possible  to  distinguish  a cavity 
• filled  with  a pulp  ? 

Chemical  Whatever  is  the  physical  disposition  of  the  substance  that  forms 
of”tEer*ves.  the  parenchyma  of  nervous  fibres,  it  possesses  exactly  the  same 
chemical  properties  as  the  cerebral  substance,  and  every  nerve  re- 
■ ceives  numerous  little  arteries,  in  relation  to  its  volume,  and  it 
presents  venous  radicles  in  the  same  proportion. 

Ganglion.  The  posterior  branch  of  all  the  nerves  that  spring  from  the  spinal 
marrow,  has,  not  far  from  the  point  where  it  unites  with  the, an- 
terior branch,  a swelling  which  is  called  ganglion  These  bodies, 


Nervous 
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of  a colour,  consistence,  and  structure,  quite  different  from  those 
of  the  nerves,  have  no  use  which  is  known.  The  nerve  of  the 
eighth  pair,  at  the  point  where  it  passes  out  of  the  skull,  presents 
very  often  a swelling  of  this  kind.  The  fifth  pair  of  nerves  itself 
has  a very  large  ganglion  for  its  superior  branch.  These  different 
ganglions  merit  at  present  the  peculiar  attention  of  physiologists  ; 
their  study  upon  living  animals  may  conduct  to  important  dis- 
coveries : in  general,  these  ganglions  belong  to  the  nerves  which 
are  more  particularly  destined  to  general  sensibility. 

Of  the  mechnnura,  or  physiological  explanation  of 
sensations. 

The  physiological  explanations  of  sensation  consist  in  applying 
more  or  less  exactly  the  laws  of  physics  and  of  chemistry  to  the 
physical  properties  presented  by  the  part  of  the  apparatus  placed 
before*  the  nerves,  as  might  have  been  remarked  above,  in  the  par- 
ticular history  of  each  sensation.  As  soon  as  we  arrive  at  the 
use  of  the  nerves  in  these  functions,  there  is  no  longer  any  ex- 
planation : it  is  then  necessary  to  pay  attention  merely  to  the  phe- 
nomena. 

This  consequence,  very  easy  to  be  deduced,  appears  to  have  Action  of  the 
been  felt  only  by  a small  number  of  authors,  and  it  is  expressed  sation. 
but  vaguely  in  their  works.  There  have  been  constantly  endea- 
vours made  to  explain  this  action  of  the  nerves.  These  organs 
were  considered  as  the  conductors  of  the  animal  spirits  by  the 
ancients.  When  physiology  was  governed  by  mechanical  ideas, 
the  nerves  were  considered  as  vibrating  chords,  without  its  ever 
being  recollected  that  they  possess  none  of  the  physical  conditions 
necessary  for  vibration. 

Some  able  men  have  supposed  that  the  nerves  were  the  con- 
ductors, and  even  the  secreting  organs  of  a suhtile  fluid,  which 
they  called  nervous  : according  to  them,  the  sensations  are  trans- 
mitted to  the  brain  by  means  of  this  fluid  At  present,  whilst  the 
imponderable  fluids  engross  the  attention  of  the  learned,  there  are 
a considerable  number  of  this  opinion.  I know  some  enlightened 
persons  whose  talents  do  honour  to  our  age,  and  who  are  not  far 
from  the  belief  that  electricity  acts  a considerable  part  in  the  sen- 
sations and  in  other  functions.  To  give  an  explanation  of  the 
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sensations  by  referring  them  to  a vital  property  that  is  called  the 
animal,  perceptive,  relative,  8)'c.  is  having  recourse  to  the  worst 
mode  of  explanation  : for  the  word  that  expresses  the  thing  is 
simply  changed,  and  the  difficulty  remains  the  same. 

Action  of  To  avoid  premature  decision,  we  arrange  the  action  of  the 
TensaTion.  nei'ves  amoiigst  the  vital  actions,  which,  as  was  shown  in  the  be- 
ginning of  this  work,  are  not  susceptible,  in  the  present  state  of 
science,  of  any  explanation.  But  is  it  very  certain  that  the  nerves 
are  the  agents  of  the  transmission  of  impressions  received  by  the 
senses  ?*  Observation  and  experience  demonstrate  this  in  a per- 
emptory manner. 

Should  a person  receive  a wound  which  affects  a nervous  trunk, 
the  part  where  this  nerve  spreads  becomes  insensible.  If  the  op- 
tic nerve  has  suffered,  the  person  becomes  blind  ; he  becomes  deaf, 
if  the  acoustic  nerve  has  been  injured.  These  effects  may  be  pro- 
duced at  pleasure  upon  animals,  either  by  cutting,  tying,  or  com- 
pressing the  nerves.  When  the  ligature  or  the  pressure  is  re- 
moved from  the  nerve,  the  part  then  becomes  sensible  as  before. 
The  wounding  of  a nerve  produces  dreadful  pain  as  well  to  man 
as  to  animals.  Every  species  of  disease  which  changes,  even  in 
a slight  degree,  the  tissue  of  the  nerves,  has  a manifest  influence 
upon  their  function  of  transmission. 

New  division  Recently,  with  regard  to  the  physiological  properties  of  nerves, 
of  nerves.  gQjgjjce  lias  made  remarkable  progress.  By  the  operation  of  new 
views,  many  formerly  received  opinions  must  be  reformed  or  ex- 
punged. For  example,  it  is  absolutely  necessary  to  distinguish  the 
nerves  into  sensible  and  insensible,  or  scarcely  sensible. 

Sensible  The  sensible  nerves  have  for  their  anatomical  chai'acter  the  for- 

ntrves.  matiou  of  a ganglion  at  a short  distance  from  their  origin.  These 

nerves  are  composed,  1st,  of  the  upper  branch  of  the  fifth  pair, 
which  gives  sensibility  to  the  skin  and  mucous  membranes  of  all 
the  anterior  part  of  the  head  ; 2d,  of  nerves  which  result  from  the 
junction  of  the  posterior  root  of  the  spinal  nerves,  which  give  sen- 
sibility to  the  skin  of  the  neck,  of  the  trunk,  members,  and  almost 
all  the  organs  of  the  chest  and  abdomen  ; 3d,  of  the  eighth  pair 
which  presides  over  the  sensibility  of  the  pharynx,  the  œsophagus, 
the  larynx,  and  stomach  ; 4th,  of  the  suboccipital,  or  the  pair 
which  presides  over  the  sensibility  of  the  posterior  part  of  the  head, 
and,  in  part,  over  that  of  the  external  ear  or  pinna. 
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I have  demonstrated  by  experiment,  that  if  we  divide  these  dif- 
ferent nerves  near  their  origin,  tlie  parts  upon  whicli  tliey  are  dis- 
tributed lose  all  sensibility. 

Tlie  nerves  that  may  be  regarded  as  insensible,  though  not  in  an  inscnsiWii 
absolute  sense,  are, 

li#.  The  optic,  olfactory,  and  acoustic  nerves  ; but  we  have  seen 
that  these  three  nerves  possess  a special  sensibility,  which  is  in 
a great  part  subjected  to  the  influence  of  the  fifth  pair.  This  in- 
fluence of  one  nerve  upon  tlie  action  of  other  nerves,  is  new  in 
science,  and  merits  all  the  attention  of  physiologists. 

2c?,  A great  number  of  other  nerves  appear  to  be  also  deprived 
of  sensibility  : such  are  the  nerves  of  the  third,  fourth,  and  sixth 
pairs,  the  portio  dura  of  the  seventh,  but  less  than  the  preceding  ; 
the  hypoglossal  nerve,  and  the  anterior  branch,  or  bundle,,  of  all  the 
nerves  which  proceed  from  the  spinal  marrow. 

When  these  nerves  are  divided,  the  parts  upon  which  they  are 
distributed  preserve  their  sensibility  : in  the  sick  man,  when  these 
nerves  are  alone  engaged,  several  functions  become  deranged  ; but 
the  tactile  faculty,  and  that  of  feeling  in  general,  appear  nothing 
diminished.  Journ.  Phys.  iii.  and  iv. 

The  nature  of  those  numerous  junctions  which  take  place 
amongst  them  is  completely  unknown  : the  suppositions  that  have 
been  made  to  explain  their  use  show  plainly  that  physiology  is  but 
yet  in  its  cradle. 

Sensations  are  quick  or  feeble.  The  first  time  that  a body  acts  Augnnenta- 

. ' , ,,  . • U 1 tion  of  the 

on  our  senses,  it  pi'oduces  generally  a strong  impression.  If  the  vivacity  of 

. . , , . , „ , . . , , sensations. 

action  IS  repeated,  the  quickness  ot  tlie  impression  diminishes  ; by 
constant  repetition  it  may  lose  its  effect  almost  entirely.  This  fact 
is  expressed  by  saying  that  habit  blunts  the  Jeeling.  The  inten- 
sity of  existence  being  measured  by  the  vivacity  of  his  sensations, 
man  constantly  seeks  new  ones  which  are  more  vivid  : thence  arise 
his  unsteadiness,  inquietude,  and  weariness,  if  he  remain  exposed 
to  the  same  causes  of  sensations.  We  are  capable  of  rendering  our 
sensations  more  vivid  and  exact.  For  this  purpose  we  dispose  the 
sensitive  apparatus  in  the  most  suitable  manner,  we  receive  only  a 
few  sensations  at  a time,  and  we  give  our  whole  attention  to 
them  : thence  arises  a great  difference  between  seeing  and  looking, 
hearing  and  listening.  The  same  difference  exists  between  the  or- 
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dinary  use  of  smell  and  actual  smelling,  between  taste  and  tasting, 
touching  and  feeling. 

We  can  rtimi-  Nature  lias  also  given  us  the  faculty  of  diminishing  the  vivacity 
ci'ty  of Lnsa^’  of  seiisations.  Thus  we  draw  together  the  eyebrows,  and  make 
lions.  eyelids  approach  each  other,  when  the  impression  produced  by 

light  is  too  strong;  we  breathe  with  the  mouth  when  we  wish  to 
avoid  tço  strong  an  odour. 

The  sensations  assist,  direct,  modify,  and  are  even  capable  of  in- 
juring mutually  each  other.  The  smell  seems  to  be  the  guide  and 
ncciprocai  in-  sentinel  of  taste  ; the  taste,  in  its  turn,  exercises  a powerful  in- 
fluence  over  smell.  The  smell  may  separate  its  functions  from 
those  of  taste.  What  pleases  the  one  does  not  always  please 
the  other  : but  as  food  and  drink  cannot  pass  through  the  mouth 
without  acting  more  or  less  upon  the  nose,  whenever  they  are  dis- 
agreeable to  the  taste,  they  soon  become  so  to  the  smell,  and  those 
that  were  most  disagreeable  to  the  smell  terminate  by  becoming 
inoffensive,  when  they  are  very  agreeable  to  the  taste  *. 

Numerous  observations  prove  that  the  vivacity  of  impressions 
received  by  the  senses  increases  by  the  loss  of  one  of  these  organs. 
The  loss  of  As  ail  example  of  this,  blind  and  dumb  people  have  the  smell  much 
dert thTothers  more  perfect  than  persons  who  possess  all  their  senses.  I think  I 
more  acu  e.  observed,  howevei’,  that  the  absence  of  smell  does  not  render 

the  other  senses  more  acute. 

Sensations  The  sensations  are  agreeable  or  disagreeable  : the  first,  particu- 
pfeasuret”'*  larly  when  they  are  vivid,  constitute  pleasure  ; the  second  consti- 
tute pain.  By  pain  and  pleasure,  nature  makes  us  concur  in  the 
order  that  she  has  established  among  organized  beings. 

Though  it  cannot  be  said  without  a sophism,  that  pain  is  only 
a shade  of  pleasure,  it  is  nevertheless  certain,  that  persons  who 
have  exhausted  every  source  of  enjoyment,  and  are  thus  become 
insensible  to  all  the  ordinary  causes  of  sensations,  seek  out  causes 
of  pain,  and  seem  to  enjoy  their  effects.  Are  there  not,  in  all  gieat 
cities,  men  so  debauched  and  degraded  by  licentiousness,  that  they 
endeavour  to  find  agreeable  sensations  in  situations  that  would 
produce  to  others  the  most  intolerable  pains  ? 


* Cabanis. 
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It  is  proper  to  remark,  that  sensations  which  are  derived  fi'Oin  external 
the  external  organs  of  sense  are,  in  general,  exact  and  distinct  ; our  sensations, 
ideas,  and  all  the  knowledge  .which  we  have  of  nature,  proceed 
more  immediately  from  them. 

The  sensations  which  proceed  from  within,  or  the  feelings,  do 
not  present  these  characters.  Generally  they  are  vague,  confused, 
and  frequently  we  know  not  even  what  they  are  ; they  are  always 
more  or  less  fugitive,  and  do  not  become  fixed  in  the  mind. 

If  our  organs  act  freely,  and  according  to  the  ordinary  laws 
of  organization,  the  sensations  which  arise  are  agreeable,  and 
this  action  may  even  give  us  the  most  vivid  pleasure  ; but,  if  our 
functions  are  confused,  if  our  organs  are  wounded  or  diseased,  or 
if  their  action  is  prevented,  the  internal  sensations  are  painful,  and, 
according  to  the  sort  of  prevention,  or  injury,  they  assume  a parti- 
cular character.  For  this  reason,  pain  ought  to  be  an  important 
consideration  in  the  study  of  medicine. 

Are  those  nerves  which  lead  directly  to  the  brain,  or  to  the  Nerves  which 
spinal  marrow,  the  organs  of  transmission  of  our  internal  sensa-  sensations, 
tions  ? This  is  probable  ; nevertheless,  the  physiologists  of  the 
present  day  seem  to  allow  a great  part  of  this  use  to  what  they 
call  the  great  sympathetic  *.  Perhaps  they  may  have  guessed 
aright  ; but,  at  present,  it  is  impossible  to  admit  this  opinion  ; it  is 
founded  on  no  fact,  on  no  positive  experiment. 


• Why  consider  the  great  sympathetic  as  a nerve  ? Its  ganglions  and  fila- 
ments have  no  analogy  with  the  nerves  properly  so  called  ; their  colour, 
form,  consistence,  disposition,  tissue,  chemical  and  structural  properties,  are 
totally  different.  The  analogy  is  not  better  marked  in  regard  to  their  vital 
properties  ; a ganglion  is  cut,  or  torn  out,  without  the  animal  appearing  at 
all  conscious  of  the  injury.  I have  often  made  those  attempts  on  the  cervi- 
cal ganglions  of  dogs  and  horses;  but  similar  operations  on  the  cerebral 
nerves  would  have  produced  the  most  dreadful  torture.  Should  all  the 
ganglions  of  the  neck  be  removed,  and  even  the  first  thoracic,  yet  no  sensible 
derangement  would  follow,  not  even  of  the  parts  into  which  their  filaments 
can  be  traced.  For  what  reason,  then,  are  we  to  consider  the  system  of  the 
ganglions  as  making  a part  of  the  nervous  system  ? Would  it  not  be  wiser, 
and  more  conducive  to  the  advancement  of  science,  to  confess,  that  at  pre- 
sent the  use  of  the  sympathetic  nerve  is  unknown  ? — The  perusal  of  authors 
may  well  confirm  this  idea.  Every  one  has  his  own  doctrine.  Sometimes 
the  ganglions  are  considered  as  nervous  centres,  sometimes  as  little  brains, 
nuclei  of  cineritious  matter,  destined  to  nourish  the  nerves,  &c.  If  we  ask 
the  proof,  it  is  mere  assertion  ; and  that  assertion  a jeu  d' esprit  ! 
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The  causes  which  modify  the  external  or  internal  sensations,  are 
innumerable  ; age,  sex,  temperament,  the  seasons,  climate,  habit, 
individual  disposition,  are  all  so  many  circumstances,  which,  sepa- 
rately, would  be  enough  to  occasion  numerous  modifications  in  the 
sensations  : and,  on  being  united,  it  is  reasonable  to  suppose  that 
the  result  should  be  more  manifest.  The  difference  of  the  sensa- 
tions of  individuals  is  expressed  in  common  language  by  this 
phrase  : every  one  has  his  own  way,  or  his  own  feelings. 

Probably  the  fetus  has  only  internal  sensations  ; this  may  be  at 
least  supposed  by  the  movements  which  it  performs,  and  which 
seem  to  result  from  impressions  arising  spontaneously  in  the  or- 
gans. It  is  known  by  direct  experiments,  that  derangements 
which  happen  in  the  circulation,  or  the  respiration  of  the  mother, 
are  followed  by  very  distinct  movements  in  the  fetus. 

At  birth,  and  some  time  after,  all  the  senses  do  not  exist.  The 
taste,  the  touch,  the  smell,  are  the  only  ones  which  are  then  in  ex- 
ercise ; sight  and  the  hearing  are  later  in  coming  to  perfection,  as 
we  have  mentioned  in  the  history  of  the  functions. 

Each  sense  ought  to  arrive  by  degrees  at  its  state  of  perfection  : 
it  is,  then,  indispensable  that  each  should  be  subjected  to  a real 
process  of  education.  If  the  development  of  the  senses  in  an  in- 
fant be  carefully  followed,  as  has  been  done  by  some  metaphysi- 
cians, we  can  easily  ascertain  the  modifications  which  they  undergo 
in  coming  to  perfection. 

The  education  is  more  difficult  and  slow  for  those  sensations 
which  are  exercised  at  a distance  ; for  those  which  are  produced 
by  contact  it  is  much  more  rapid,  and  appears  to  be  more  easy. 
During  the  time  that  this  education  of  the  senses  continues,  that 
is,  in  early  youth,  the  sensations  are  weak  and  confused  ; but  those 
that  succeed  them,  and  particularly  those  of  young  people,  are 
remarkable  for  their  multiplicity  and  their  vivacity.  At  this  age 
they  are  deeply  engraven  in  the  memory,  and  are  therefore  desti- 
ned to  form  a part  of  our  intellectual  existence  during  the  remain- 
der of  life. 

The  sensations  lose  their  vivacity  as  age  advances  ; but  they  im- 
prove in  exactness,  as  is  seen  in  the  adult.  In  old  people  they 
become  weak,  and  are  produced  slowly  and  with  difficulty.  This 
effect  applies  more  to  the  senses  by  which  we  distinguish  the  phy- 
sical properties  of  bodies,  and  much  less  to  those  by  which  we 
learn  their  chemical  properties.  These  last  senses,  the  taste  and 
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smell,  alone  preserve  some  activity  in  old  age  ; the  others  are 
nearly  extinct  by  the  diminution  of  sensibility,  and  by  the  succes- 
sion of  physical  changes  that  they  have  suffered. 

OF  THE  FUNCTIONS  OF  THE  BRAIN. 

The  intellect  of  man  is  composed  of  phenomena  so  different  intellect, 
from  every  thing  else  in  nature,  that  we  refer  them  to  a particular 
being  which  is  considered  as  an  emanation  of  the  Divinity, — and 
of  which  the  first  attribute  is  immortality.  The  physiologist  re-  soui. 
ceives  from  religion  this  consolatory  thought,  but  the  severity  of 
the  language,  or  of  the  logic,  which  physiology  now  demands, 
obliges  us  here  to  treat  of  human  intellect  as  if  it  were  produced 
by  the  action  of  an  organ.  Very  celebrated  men  have  fallen  into 
serious  errors  by  not  keeping  this  course  : in  following  it,  there  is 
a considerable  advantage  in  being  able  to  preserve  the  same  me- 
thod ,of  study,  and  to  render  easy  tilings  which  have  been  gene- 
rally regarded  as  almost  above  the  human  capacity. 

Of  the  brain. 

The  brain  is  the  material  organ  of  thought  : this  is  proved  by  a Bram. 
number  of  experiments  and  facts.  Under  this  denomination  of 
brain,  I comprehend  three  parts  which  are  really  distinct,  though 
united  in  certain  points.  These  parts  are  the  brain,  properly  so 
called,  the  cerebellum,  and  the  spinal  marroiv.  In  each  of  these 
divisions  there  are  other  parts  easy  to  distinguish,  and  which  have, 
in  a certain  degree,  a separate  existence  : so  that  nothing  is  more 
complicated,  or  more  difficult  in  anatomy,  than  the  study  of  the  or- 
ganization of  the  brain.  Nevertheless,  on  account  of  the  import- 
ance of  this  organ,  and  of  its  functions,  anatomists  and  physicians 
have  always  been  much  engaged  in  its  dissection.  The  result  of 
this  study  is,  that  the  anatomical  history  of  the  brain  is  one  of  the 
most  perfect  parts  of  anatomy.  Recently  this  matter  has  been 
cleared  up  anew  by  the  publication  of  the  works  of  MM.  Gall  and 
Spurzheim,  of  Tiedemann  and  Serres,  and  by  the  labours  to  which 
they  have  given  rise. 

The  brain,  however,  being  of  a very  delicate  texture,  and  its  Means  of  pro- 
functions  being  injured  by  the  least  physical  derangement,  nature  brain. 
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has  been  extremely  careful  to  defend  it  against  every  injury  arising 
from  surrounding  bodies.  Amongst  the  protecting  parts  of  the 
brain  that  might  be  called  tutamina  cerehri,  we  ought  to  notice 
the  hair,  the  skin,  the  epicranii  muscles,  the  pericranium,  the 
bones  of  the  skull,  and  the  dura  mater,  which  are  particularly  des- 
tined to  defend  the  brain  and  the  cerebellum. 

By  their  number,  and  the  manner  in  which  they  are  disposed, 
the  hairs  are  well  adapted  to  deaden  any  strokes  which  may  fall  on 
the  head,  and  to  prevent  strong  pressure  from  wounding  the  skin. 
Being  a bad  conductor  of  caloric,  they  form  a sort  of  felt,  whose 
meshes  intercept  the  air  ; so  that  they  are  very  well  suited  to  pre- 
serve a uniform  temperature  in  the  head,  to  a certain  degree,  inde- 
pendent of  that  of  the  air  and  of  surrounding  bodies;  besides, 
being  impregnated  with  an  oily  matter,  the  hair  imbibes  but  a small 
quantity  of  water,  and  very  soon  dries. 

Hair  being  a bad  conductor  of  electricity,  the  head  becomes,  in 
a certain  degree,  insulated  by  it  ; whence  it  happens  that  the  elec- 
tric fluid  has  hut  little  influence  on  the  brain. 

We  can  easily  conceive  how  the  skin  of  the  head,  the  muscles 
that  it  covers,  and  the  scalp,  concur  in  the  protection  of  the  head  : 
it  is  not  necessary  to  insist  on  this  point. 

Of  all  the  protections  of  the  brain,  the  most  effective  is  that  af- 
forded by  the  bones  of  the  skull.  On  account  of  the  hardness  of 
this  covering,  and  its  spheroidal  form,  all  pressure,  or  percussion 
upon  the  head,  is  distributed  from  the  point  struck,  or  pressed, 
over  all  the  others,  and  falls  less  upon  the  brain.  Suppose  a per- 
son receives  a stroke  on  the  top  of  the  head,  the  motion  is  propa- 
gated in  every  direction,  even  to  the  middle  of  the  base  of  the 
skull,  that  is,  to  the  body  of  the  sphenoid  bone.  If  the  stroke  had 
been  upon  the  brow,  it  would  have  been  propagated  and  concen- 
trated towards  the  middle  of  the  occipital  bone. 

From  this  transmission  of  motion  communicated  to  the  skull,  it 
has  been  supposed  that  a slight  reciprocal  displacement  of  the 
bones  takes  place,  not  observed,  on  account  of  the  structure  of  the 
different  articulations  ; but  there  is  every  reason  to  believe  that 
the  skull  resists  as  if  it  were  formed  of  only  one  piece. 

One  circumstance  which  has  not  been  sufficiently  insisted  on  is, 
that  the  skull  must  necessarily  change  its  form  every  time  that  it 
is  forcibly  pressed,  or  struck.  The  peculiar  softness  of  the  cere- 
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bral  mass  enables  it  to  support  those  slight  changes  of  its  envelope 
without  any  inconvenience.  The  brain,  in  proportion  to  its  soft- 
ness, will  suffer  percussions  and  pressures  with  less  danger  ; and 
on  this  account,  new-born  children,  whose  bones  are  soft  and 
moveable,  may  have  their  heads  compressed,  and  even  sensibly 
deformed,  without  any  bad  effect.  The  same  thing  happens  with 
older  children,  to  whom  no  danger  results  even  from  very  severe 
blows  on  the  head.*  In  childhood,  and  particularly  at  birth,  the 
brain  is  much  softer  than  in  the  adult®. 

The  dura  mater  is  disposed  to  protect,  in  a certain  degree,  the  Dura  mater, 
brain  against  itself.  Without  those  folds  which  it  forms  in  the 
falx  cerebri,  the  tentorium,  and  the  falx  cerebelli,  the  hemisphere 
of  one  side  would  press  upon  the  other  when  the  head  is  inclined  ; 
the  brain  would  compress  the  cerebellum  when  the  head  is  erect  ; 
so  that  the  different  parts  of  the  nervous  mass  would  reciprocally 
injury  each  other’s  action. 

Were  we  to  compare  the  precautions  taken  by  nature  to  pre- 
serve the  brain  from  external  injuries,  with  those  taken  to  preserve 
the  Spinal  marrow,  we  would  presume  that  this  last  is  of  greater 
importance  than  the  other,  or  that  its  more  delicate  texture  requir- 
ed greater  care  for  its  protection  : this  is  what  really  exists. 

The  spinal  marrow  is  at  least  of  as  great  importance  in  the  animal 
economy,  as  the  cephalic  portion  of  the  nervous  system.  The 
least  shake,  the  least  pressure,  injures  it,  and  destroys  its  func- 
tions ; it  was  then  necessary  that  the  vertebral  canal  might  afford 
it  a powerful  protection.  This  protection  is  accordingly  so  com- 
plete, that  an  injury  of  the  spinal  marrow  is  very  rare.  The  ver- 
tebral column  ought  to  unite  in  itself  great  solidity  with  great  mo- 
bility ; it  is  the  general  support  of  every  effort  made  by  the  body  ; 
it  is  the  centre  of  the  movements  of  the  members  ; it  performs,  by 
itselb  very  extensive  motions. 

W’^e  cannot  enter  into  the  details  of  this  wonderful  mechanism  : 
on  this  subject  may  be  read  the  Traité  d' Anatomie  descriptive,  of 
Bichat,  tom.  i.  p.  161. 


* If  the  brain  were  perfectly  fluid  and  homogeneous,  no  injury  could  re- 
sult from  the  most  extensive  change  of  shape  in  its  envelope  ; but  being  of 
a soft  consistence,  and  not  homogeneous  in  every  point,  blows  not  very  forci- 
ble are  frequently  followed  by  serious  accidents,  as  concussion,  effusion,  ab- 
scess, &c. 
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But  there  is  a disposition  unknown  to  Bichat,  wliich  I have  re- 
cently discovered,  and  which  contributes,  in  a manner  extremely 
efficacious,  to  the  conservation  and  defence  of  the  medulla. 

The  canal  which  is  formed  around  the  medulla  by  the  pia  mater, 
and  which  is  lined  by  the  arachnoid,  is  a great  deal  larger  than  is 
necessary  to  contain  the  organ  ; but  during  life,  the  whole  interval 
is  filled  up  by  a serous  liquid,  which  strongly  distends  the  mem-’ 
brane,  and  which  spouts  out  to  many  inches  in  height,  from  a 
small  puncture  then  made  in  the  dura  mater.  An  analogous 
arrangement  is  also  to  be  observed  around  the  brain  and  cerebel- 
lum. It  is  easy  to  conceive  how  efficacious  must  be  the  protec- 
tion thus  derived  from  the  liquid  which  surrounds  the  spinal  mar- 
row, and  in  the  midst  of  which  it  is  suspended,  like  the  fetus  in 
utero  : with  this  difference,  that  it  is  fixed  in  its  position  by  the 
ligamentum  dentatum,  and  the  different  spinal  nerves. 

Besides  the  different  envelopes  of  the  brain,  of  which  we  have 
spoken,  and  the  du7-a  mater  which  covers  it  in  its  whole  extent, 
this  substance  is  every  where  surrounded  with  a very  fine  serous 
membrane,  the  principal  use  of  which  is  to  yield  a thin  fluid, 
which  lubricates  the  brain.  The  arachnoid  penetrates  into  all  the 
cavities  of  the  brain  ; it  even  secretes  a perspiratory  fluid. 

The  manner  in  which  the  bloodvessels  come  to  and  leave  the 
brain  is  very  singular  : we  will  treat  of  them  in  the  article  circu- 
lation. We  shall  simply  mention  here,  that  the  arteries,  before 
entering  into  the  cerebral  substance,  are  reduced  to  capillary  ves- 
sels ; that  the  veins  are  disposed  in  the  same  manner  before 
quitting  it  ; and  as  these  very  fine  vessels  have  numerous  commu- 
nications with  each  other,  there  results  from  these,  upon  the  sur- 
face of  the  brain,  a vascular  network,  erroneously  called  the  mem- 
brane of  the  pia  mater. 

This  network  penetrates  into  the  cavities  of  the  brain  ; it  forms, 
in  the  ventricles,  the  plexus  choroïdes,  and  the  tela  choroidea. 

We  shall  not  give  here  the  anatomical  description  of  the  brain, 
but  confine  ourselves  to  some  general  reflections  on  the  subject. 

A.  Almost  all  the  authors  who  have  given  an  anatomical  de- 
scription of  the  brain,  have  not  been  sufficiently  rigid  in  the  ex- 
pressions which  they  have  employed,  and  have  had  their  minds 
prejudiced  by  some  hypothetical  notion.  It  is  indispensable  to  the 
future  progress  of  anatomy,  and  of  physiology,  to  employ  only 
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precise  terras^  to  quit  metaphorical  expressions  as  much  as  pos- 
sible, and  particularly  to  reject  the  supposition,  that  all  nerves 
terminate  or  unite,  in  a certain  point  of  the  brain  ; that  the  soul 
has  its  seat  in  a particular  part  of  this  organ  ; that  the  nervous 
fluid  is  secreted  by  one  portion  of  the  cerebral  mass,  whilst  the 
remainder  acts  as  a conductor  to  this  fluid,  &c.  By  not  having 
followed  this  course,  authors  who  have  described  the  brain  have 
presented  false  ideas,  and  expressed  themselves  obscurely. 

B.  We  ouffht  to  understand  bv  the  terra  hrain  the  organ  which  The  brain 

® ^ ® divided  into 

fills  the  cavity  of  the  skull,  and  that  of  the  vertebral  canal.  To  ‘i'stmct 

•'  _ _ ....  parts. 

render  the  study  of  it  more  easy,  anatomists  have  divided  it  into 
three  parts  ; the  brain,  properly  so  called,  the  cerebellum,  and  the 
spinal  marrow.  This  divison  is  purely  scholastic.  These  three 
parts  form,  in  reality,  but  one  organ.  The  spinal  marrow  is  no 
more  a prolongation  of  the  brain,  than  the  brain  is  an  enlargement 
of  the  spinal  raarrow\ 

C.  The  brain,  or  cerebro-spinal  system  of  man,  is  that  which  composition 

, of  the  human 

presents  the  greatest  complication  of  structure,  and  the  most  con-  brain. 

siderable  number  of  distinct  parts:  among  the  latter,  there  are 
some  which  are  not  found  in  any  animal  ; such  are  the  mammillarij 
and  olivary  processes  ; others  are  seen  in  many  animals,  but  we 
are  still  ignorant  of  their  uses.  These  are  the  corpus  callosum,  or 
great  commissure  of  the  hemispheres  ; the  fornix,  the  septum  lu~ 
cidum,  the  tœnia  semicircularis  gemini,  the  cornua  ammonis,  the 
anterior  and  posterior  commissure,  the  pineal  gland,  the  pituitary 
gland,  the  infundibulum.  All  these  parts  probably  exercise  im- 
portant functions  ; but  such  is  the  defective  method  hitherto  pur- 
sued in  the  study  of  the  cerebral  functions,  that  these  are  complete- 
ly unknown.  There  are  other  parts  of  the  brain,  the  use  of  which 
experiment  has  lately  commenced  to  unfold  : such  are  the  two 
hemispheres,  the  corpora  striata,  the  thalami  nervorum  optico- 
rum,  the  tubercula  quadrigemina,  the  pons  Varolii,  the  corpora 
pyramidalia,  and  their  continuation  beyond  the  corpora  striata, 
the  crura  of  the  cerebellum,  the  hemispheres  of  these  organs,  the 
different  fasciculi  which  form  the  medulla  oblongata,  and  those  of 
the  spinal  marrow. 

D.  In  man,  of  all  the  animals,  the  brain  proper  is  the  most  vo-  The  brain  of 
luminous.  The  dimensions  of  this  organ  are  proportioned  to  those  er  quantity 
of  the  head.  In  this  respect  there  is  a great  differerjce  in  dilfe- animaR^ 
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rent  individuals.  The  volume  of  the  brain  is  generally  in  direct 
proportion  to  the  capacity  of  the  mind.  We  ought  not  to  sup- 
pose>  however,  that  every  man  having  a large  head  is  necessarily 
a person  of  superior  intelligence,  for  there  are  many  causes  of  an 
augmentation  of  the  volume  of  the  head  beside  the  size  of  the 
brain  ; but  it  is  rarely  found  that  a man  distinguished  by  his 
mental  faculties  has  not  a large  head.  The  only  way  of  estimating 
by  approximation  the  volume  of  brain  in  a living  person,  is  to  mea- 
sure the  dimensions  of  the  skull  ; every  other  means,  even  that 
pi'oposed  by  Camper,  is  uncertain. 

E.  The  brain  of  man  is  that  which  offers  the  most  numerous 
convolutions,  and  the  deepest  sinuosities.  The  number,  the 
volume,  the  disposition,  of  the  circumvolutions  are  variable  ; in 
some  brains  they  are  very  large  ; in  others  they  are  less  and  more 
numerous.  They’  are  differently  disposed  in  every  individual  ; 
those  of  the  right  side  are  not  disposed  like  those  of  the  left.  It 
would  be  an  interesting  research  to  endeavour  to  discover  if  there 
exists  any  relation  between  the  number  of  convolutions  and  the 
perfection,  or  imperfection,  of  the  intellectual  faculties — between 
the  modifications  of  the  mind  and  the  individual  disposition  of  the 
cerebral  circumvolutions.  The  hemispheres  of  the  human  brain 
present  also  for  distinctive  characters,  a posterior  lobe,  which  covers 
the  cerebellum. 

F.  The  volume  and  the  weight  of  the  cerebellum  is  different  in 
different  individuals,  and  particularly  with  regard  to  different  ages. 
In  the  adult  the  cerebellum  is  equal  in  weight  to  about  the  eighth 
or  ninth  part  of  the  brain  ; in  the  new-born  infant  it  is  not  above 
the  sixteenth  or  eighteenth  of  it.®  There  are  no  convolutions  ob- 
served at  the  surface  of  the  cerebellum,  but  only  lamellae  placed 
above  it,  and  each  separated  by  a small  furrow.  The  number  of 
these  lamellae  is  variable  in  different  individuals,  as  well  as  the 
manner  in  which  they  are  placed.  For  this  we  might  repeat  the 
remark  which  we  made  above,  in  speaking  of  the  cerebral  convo- 
lutions. An  Italian  anatomist  (Malacarne)  says,  he  found  only 
three  hundred  and  twenty-four  plaits  in  the  cerebellum  of  a mad 
person,  whilst  he  has  found  in  others  more  than  eight  hundred. 
The  human  cerebellum  is  characterized  by  the  considerable  pro- 
portions of  the  lateral  lobes,  compared  to  the  median. 
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The  substance  of  the  brain  is  soft  and  pulpy  ; its  form  changes 
easily  of  itself  ; it  is  almost  liquid  in  the  fetus  ; it  is  more  firm  in 
infancy,  and  still  more  in  manhood.  The  different  degrees  of  soli- 
dity also  vary  in  different  points  of  the  organ,  and  in  different  in- 
dividuals. The  brain  bas  a spermatic,  insipid,  odour,  which  is 
very  tenacious,  and  which  has  continued  many  years  in  dried 
brains, — (Chaussier.) 

G.  There  are  two  substances  distinguished  in  the  brain  : one  two  substan- 
brouon,  the  other  ixihite.  The  white  substance,  which  is  still  called 
medullary,  forms  the  greater  part  of  the  organ,  and  fills,  more  es- 
pecially, the  interior  part  of  it,  which  corresponds  to  the  base  of 
the  skull.  It  is  more  solid  than  the  brown  part  ; it  has  a fibrous 
appearance  ; it  forms  a great  part  of  the  spinal  marrow,  but  parti- 
cularly the  outer  part  of  it. 

The  brown  substance,  called  cineritious,  cortical,  forms  a layer 
of  a variable  thickness  on  the  outside  of  the  brain,  and  of  the  cere- 
bellum ; thei'e  is  a grey  matter,  however,  found  in  their  interior  : 
sometimes  it  is  covered  by  the  white  matter,  sometimes  it  appears 
mixed  with  it,  or  they  are  placed  upon  each  other  in  alternate 
layers.  In  judging  by  the  colour,  there  are  a number  of  other 
substances  which  might  be  distinguished  in  the  brain,  for  there  are 
parts  which  are  yellow,  black,  &c.  * 

To  say  that  the  brown  matter  produces  the  white,  is  to  advance  Brown  mat- 
a gratuitous  supposition,  since  the  brown  matter  produces  not  thcproduSthe 
white  more  than  a muscle  produces  the  tendon  which  terminates 
it,  or  than  the  heart  produces  the  aorta,  &c.  Under  this  point  of 
view,  the  anatomical  system  of  MM.  Gall  and  Spurzheim  is  essen- 
tially faulty.  Besides,  the  white  matter  is  in  general  formed  be- 
fore the  brown,  and  several  white  parts  have  not  the  least  con- 
nexion with  the  brown  substance. 

Whenwe  examine  the  cerebral  substance  with  a microscope,  it 
appears  to  be  formed  of  an  immense  number  of  globules  of  diffe- 
rent sizes.  They  are  said  to  be  eight  times  less  than  those  of  the 
blood  ; in  the  medullary  substance  they  are  disposed  in  straight 
lines,  and  have  the  appearance  of  fibres  ; in  the  brown  substance 
they  appear  confusedly  placed  on  one  another. 


* M.  Soemmering  distinguishes  four  substances  in  the  brain  ; the  white, 
the  brown,  the  yellow,  and  the  black.a 
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Chemical 
composition 
of  the  brain. 


Arteries  of 
the  brain. 


Veins  of  the 
brain. 


According  to  M.  Vauquelin,  there  is  no  difference  of  compo- 
sition in  the  different  parts  of  the  nervous  system  : the  analysis  of 
the  brain,  of  the  cerebellum,  of  the  spinal  marrow  and  the  nerves, 
gives  the  same  result.  He  found  in  them  all  the  same  matter, 
the  composition  of  which  is — 


Water, 80-00 

White  fatty  matter, 4-53 

Ked  fatty  matter, 0 70 

Osmazome, 1-12 

Albumen, 7 00 

Phosphorus, 1-50 

Sulphur  and  Salts,  such- as 

Phosphate  of  Potass, I 

of  Lime, > 5-15 

of  Magnesia,-  j 


M.  John  has  ascertained  that  the  brown  matter  does  not  con- 
tain phosphorus  : and  Mr  Chevreul  has  recently  described  a white 
and  pearly  substance,  which  he  considers  a proximate  principle 
proper  to  the  nervous  system. 

I'he  arteries  of  the  brain  are  large.  They  are  four  in  number, 
the  two  internal  carotids  and  the  two  vertebrals  ; the  particular- 
disposition  which  they  affect  will  be  explained  in  the  article  arte- 
rial circulatmi.  We  only  mention  here,  that  they  are  placed 
principally  in  the  inferior  part  of  the  organ  ; that  by  the  manner 
in  which  they  join,  they  form  a circle,  and  that  they  are  reduced 
to  capillary  vessels  before  entering  into  the  tissue  of  the  brain. 

The  brain  is  supposed  to  receive  the  eighth  pai-t  of  the  blood 
which  flows  from  the  heart  ; but  this  estimate  is  merely  an  ap- 
proximation, and  the  quantity  of  blood  which  flows  to  the  brain 
varies  according  to  numerous  circumstances.  We  know,  from 
dissections  lately  made,  that  the  cerebral  arteries  are  accompanied 
by  filaments  of  the  great  sympathetic  nerve.  These  filaments  are 
easily  traced  upon  the  principal  branches  of  the  arteries.  It  is  to 
be  presumed  that  they  accompany  them  to  their  last  divisions  ; but 
we  must  not  conclude  from  this  circumstance,  which  is  general  for 
all  the  arteries,  that  the  brain  receives  nerves.  The  filaments  of 
the  great  sympathetic  have,  here,  as  elsewhere,  a relation  only  to 
the  tunics  of  the  arteries. 

The  cerebral  veins  have  also  a particular  disposition  : they  oc- 
cupy the  upper  part  of  the  organ  ; they  present  no  valves  ; they 
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terminate  in  canals  situated  between  the  plates  of  the  dura  mater, 

&c.  We  will  return  to  this  point  at  the  article  venous  circula~ 
tion.  There  have  not  been  any  lymphatic  vessels  observed  in  the 
brain. 

Observations  made  upon  the  brain  of  man,  and  upon  that  of 
living  animals. 

It  has  been  remarked  that,  in  new-born  children,  whose  skulls 
are  yet  membranous,  and  in  adults  whose  brains  have  been  laid 
bare  by  disease  or  wound,  the  brain  has  two  distinct  species  of 
motion.  The  first  is  evidently  isochronous  with  the  beating  of  the 
heart  and  arteries  ; the  second  has  an  equal  relation  to  respi- 
ration ; that  is,  the  organ  seems  to  sink,  and  contract  upon  itself, 
the  instant  of  inspiration,  whilst  it  presents  a contrary  phenome- 
non during  expiration.  According  as  the  movements  of  respira- 
tion are  more  or  less  forcible,  those  of  the  brain  are  more  or  less 
evident.  These  two  sorts  of  movements  can  be  seen  with  great 
facility  in  animals,  and  it  is  astonishing  how  they  could  have  been 
lately  called  in  question.'^  It  is  thought  that  the}''  are  hardly  per- 
ceptible when  the  skull  is  entire,  and  that  they  are  necessary  to 
the  preservation  of  the.  cerebral  functions  ; but  there  is  nothing 
proved  in  this  respect.  This  alternate  intumescence  aad  subsi- 
dence exists  also  in  the  brain  and  spinal  marrow‘s. — Journal  de 
Physiol. 

In  the  dead  body,  the  brain  and  the  cerebellum  fill  exactly  the  pressure  of 
cavity  of  the  skull  ; consequently  in  life,  when  these  parts  receive 
a great  quantity  of  blood,  when  their  vessels  are  distended  by  this 
fluid,  when  a copious  vapour  is  constantly  formed,  either  on  the 
surface,  or  in  the  ventricles,  we  imagine  that  the  brain  and  the  ce- 
rebellum must  support  a considerable  pressure,  the  intensity  of 
which  ought  to  be  variable  according  to  the  quantity  of  blood  which 
enters  or  leaves  the  brain. 

The  spinal  marrow  does  not  fill  exactly  the  cavity  of  the  verte-  Pressure  of 
bral  canal,  nor  can  it  suffer  a pressure  in  the  manner  of  the  brain  ; m'arrow?' 
but  the  pia  mater  exerts  a manifest  pressure  upon  it,  so  that  it  is 
nearly  in  the  same  state  as  the  brain  in  regard  to  pressure. 

This  pressure  appears  indispensable  to  the  actions  of  the  organ. 
Whenever  it  is  augmented  or  diminished  suddenly,  the  functions 
are  suspended  ; if  the  diminution  or  augmentation  proceeds  slow- 
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ly,  the  cerebral  functions  continue.  I have  nevertheless  seen  animals 
from  whom  I had  abstracted  the  liquid  just  mentioned,  continue  to 
live  without  any  apparent  disorder  of  the  nervous  system. 

Examined  in  a living  animal,  the  brain  presents  remarkable  pro- 
perties, most  distant  from  those  which  the  imagination  would  re- 
present to  us.  Who  would  believe,  for  example,  that  the  greatest 
part,  if  not  the  whole,  of  the  hemispheres  is  insensible  to  puncture, 
lacerations,  sections,  and  even  to  cauterizations,  &c.  &c.  ? It  is 
however  a fact,  respecting  which  experiment  leaves  not  the  slightest 
doubt.  Who  would  think  that  an  animal  might  live  many  days 
and  even  many  weeks,  after  the  total  subtraction  of  the  hemi- 
spheres ? Yet  notwithstanding,  several  physiologists,  and  we  our- 
selves, have  seen  animals  of  different  classes  in  that  situation.  But 
what  is  least  known,  and  may  appear  most  surprising,  is,  that  the 
subtraction  of  the  hemispheres  from  certain  animals,  as  reptiles, 
produces  no  change  in  their  habitual  walk  or  gesture  ; it  would  be 
difficult  indeed  to  distinguish  them  from  entire  animals. 

Injuries  of  the  surface  of  the  brain  shew  also  that  this  organ  is 
not  at  all  sensible  to  that  species  of  excitement  ; but  the  deepest 
wounds,  and  particularly  those  which  affect  crura  or  peduncles, 
present  results,  of  which  we  shall  afterwards  have  to  speak. 

The  case  is  not  the  same  with  the  spinal  marrow  ; the  sensibi- 
lity of  that  part  of  the  brain  is  more  decided,  with  this  remarkable 
circumstance,  that  it  is  exquisite  upon  its  posterior  aspect,  a great 
deal  more  feeble  in  its  anterior  aspect,  and  almost  nothing  at  the 
very  centre  of  the  same  organ.  Hence  it  is  from  the  posterior  as- 
pect of  the  medulla,  that  the  nerves  arise  which  are  more  particu- 
larly destined  to  general  sensibility. 

A very  lively  sensibility  is  also  exhibited  at  the  interior,  and 
upon  the  sides  of  the  fourth  ventricle  ; but  that  property  diminishes 
in  proportion  as  we  advance  towards  the  anterior  part  of  the  me- 
dulla oblongata  : it  finally  becomes  very  weak  in  the  tubercula 
quadrigemina  of  mammalia. 

We  must  reserve  to  another  article,  the  properties  of  the  brain 
with  regard  to  motion. 

The  uses  of  the  brain  in  the  animal  economy  are  very  numerous 
and  important.  It  is  the  organ  of  intelligence  ; it  furnishes  the 
principle  of  our  action  upon  exterior  bodies  ; it  exerts  a greater  or 
less  influence  upon  all  the  phenomena  of  life  ; it  establishes  an  ac- 
tive relation  amongst  the  different  organs,  or  it  is  the  principal 
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agent  of  sympathies.  We  shall  consider  it  here  only  in  respect  to 
the  first. 


OJ" the  understanding. 

Whatever  be  the  number  and  the  diversity  of  the  phenomena 
which  belong  to  human  intelligence,  however  different  they  appear 
from  the  other  phenomena  of  life,  though  they  evidently  depend 
on  the  soul,  it  is  absolutely  necessary  to  consider  them  as  the  re- 
i suit  of  the  action  of  the  brain,  and  to  make  no  distinction  between 
them  and  the  other  phenomena  that  depend  on  the  actions  of  that 
organ.^.  The  functions  of  the  brain  are  absolutely  subject  to  the 
same  laws  as  the  other  functions  ; they  become  developed,  and 
decay,  in  the  progress  of  age  ; they  are  modified  by  habit,  sex,  tem- 
perament, and  individual  disposition  ; they  become  confused,  weak- 
ened, or  elevated  in  diseases  ; the  physical  injuries  of  the  brain 
weaken,  or  destroy  them  ; in  a word,  they  are  not  susceptible  of 
any  explanation  more  than  the  other  actions  of  the  organ  ; and, 
setting  aside  all  hypothetical  ideas,  they  are  capable  of  being  stu- 
died only  by  observation  and  experience. 

I We  must  also  be  cautious  in  imaainine;  that  the  study  of  the  its  study  not 

. . ^ ^ more  difficult 

functions  of  the  brain  is  more  difficult  than  that  of  the  other  organs,  than  that  of 

° the  other 

and  that  it  appertains  peculiarly  to  metaphysics.  By  keeping  close  functions, 
to  observation,  and  avoiding  carefully  any  theory,  or  conjecture, 
this  study  becomes  purely  physiological,  and  perhaps  it  is  easier 
I than  the  most  part  of  the  other  functions,  on  account  of  the  facili- 
ty with  which  the  phenomena  can  be  produced  and  observed. 

The  study  of  the  understanding  from  whatever  cause,  is  not  at  ofthe  under- 

< r-i-i  standing  and 

present  an  essential  part  of  physiology  ; the  science  which  treats  of  ideology, 
particularly  of  it  is  Ideology.  Whoever  may  wish  to  acquire  an 
extensive  knowledge  on  this  interesting  subject,  should  consult  the 
works  of  Bacon,  Locke,  Condillac,  Cabanis,  and  especially  the 
|!  excellent  book  of  M.  Destutt  Tracy,  entitled  Elements  of  Ideo- 
logy.” We  shall  present  here  only  some  of  the  fundamental  prin- 
ciples of  this  science. 

The  innumerable  phenomena  which  form  the  intellect  of  man, 
are  only  modifications  of  the  faculty  of  perception.  If  they  are 
examined  attentively,  this  truth  which  is  welt  illustrated  by  mo- 
dern metaphysicians,  will  be  found  very  clear. 
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Four  modifi- 
cations Oi  the 


There  are  four  principal  modifications  of  tlie  faculty  of  percep- 


faculty  of  per-  . 
ccptior.  ' 


1st,  Sensibility,  or  the  action  of  the  brain,  by  which  we  receive 
impressions,  either  from  within  or  from  without. 

2d,  Memory,  or  the  faculty  of  reproducing  impressions,  or  sen- 
sations formerly  received. 

3d,  The  faculty  of  perceiving  the  relations  which  sensations 
have  to  each  other, — or  the  Judgment. 

4th,  The  Desire,  or  the  Will. 


Of  sensibility. 

Of  sensibility.  What  we  have  said  of  the  sensations  generally,  is  entirely  ap- 
plicable to  sensibility  ; for  this  reason,  we  only  mention  here  that 
this  faculty  exerts  itself  in  two  ways  veiy  diflPerent.  In  the  first, 
the  phenomenon  happens  unknown  to  us  ; in  the  second,  we  are 
aware  of  it,  we  perceive  the  sensation.  It  is  not  enough  that  a 
body  may  act  upon  one  of  our  senses,  that  a nerve  transmit  to  the 
brain  the  impression  which  is  produced — it  is  not  enough  that  this 
organ  receive  the  impression  : in  order  that  there  may  be  really  a 
sensation,  the  brain  must  perceive  the  impression  received.  An 
impression  thus  perceived  is  called,  in  Ideology,  a perception,  or 
an  idea. 

Of  two  modes  These  two  modes  of  sensibility  may  be  easily  verified  upon  our- 

o sensibility,  example,  it  is  easy  to  see  that  a number  of  bodies 

have  a continual  action  upon  our  senses  without  our  being  aware 
of  it  : this  depends  in  a great  measure  upon  habit. 

Sensibility  is  infinitely  variable  : in  certain  persons  it  is  very 
obtuse  ; in  others  it  is  very  elevated  : generally  a good  organiza- 
tion keeps  between  the  extremes. 

Sensibility  in  Sensibility  is  vivid  in  infancy  and  youth  ; it  continues  in  a de- 

1 eren  ages.  something  less  marked  until  past  the  age  of  manhood  ; in  old 
age  it  suffers  an  evident  diminution  ; and  very  old  persons  appear 
quite  insensible  to  all  the  ordinary  causes  of  sensations. 

Parts  of  brain  With  what  part  of  the  brain  is  sensibility  more  immediately 

c^tribuUng  connected?  To  this  important  question  we  can  now  answer 

to  sensibUity.  gQjjjg  degree  of  precision.  We  have  already  noticed  the 

class  of  nerves  which  especially  contributes  to  that  phenomenon. 
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They  are  the  posterior  roots  of  the  nerves  which  arise  from  the 
spinal  marrow,  and  the  superior  branch  of  the  fifth  pair.  I 
have  shewn  by  experiments,  that  if  these  nerves  are  cut,  all 
sensibility  is  extinguished  in  the  parts  whereon  they  are  distri- 
buted. 

Experiment  likewise  teaches,  that  if  we  cut  the  posterior  fasci- 
culi of  tlie  spinal  marrow,  the  general  sensibility  of  the  trunk  is 
abolished.  With  respect  to  that  of  the  head,  and  more  particularly 
of  the  face  and  its  cavities,  1 have  demonstrated  that  it  depends 
upon  the  fifth  pair.  If  the  nerve  is  cut  before  escaping  from  the 
cranium,  all  the  sensibility  of  the  face  is  lost.  The  same  result 
takes  place  if  the  trunk  of  the  nerve  is  divided  upon  the  sides  of 
the  fourth  ventricle. 

Indeed,  it  is  necessary  to  descend  below  the  level  of  the  first 
cervical  vertebra,  in  order  that  a lateral  section  of  the  medulla 
may  not  be  followed  by  the  loss  of  the  general  sensibility  of  the 
face  and  senses.  As  the  origin  of  the  fifth  pair  approaches  a good 
deal  to  the  posterior  fasciculi  of  the  spinal  marrow,  which  seem 
the  principal  organs  of  the  sensibility  of  the  trunk,  it  is  probable 
that  there  is  a continuity  between  these  filaments  and  the  fifth 
pair  : but  the  fact  has  not  been  demonstrated,  neither  by  anatomy 
nor  physiological  experiments. 

It  is  not,  then,  in  the  brain  proper,  nor  in  the  cerebellum,  that 
the  principal  seat  of  sensibility,  or  of  the  special  senses,  is  placed. 

Of  this  I give  yet  another  demonstration,  which  I consider 
satisfactory.  Remove  the  hemispheres  of  the  brain  and  cerebel- 
lum in  a mammiferous  animal  ; endeavour  then  to  ascertain  if  it 
can  experience  sensations,  and  you  will  easily  know  that  it  is  sen- 
sible to  odours,  savours,  sounds,  and  sapid  impressions.  It  is  there- 
fore pretty  certain  that  the  sensations  have  not  their  seat  in  the 
hemispheres. 

In  the  enumeration  of  the  senses  just  given,  I have  not  mention- 
ed sight  ; because,  in  fact,  it  is  quite  in  a peculiar  case.  It  results 
from  the  experiments  of  MM.  Rolando  and  Flourens,  that  vision 
is  abolished  by  the  abstraction  of  the  hemispheres.  If  the  right 
hemisphere  is  removed,  it  is  the  left  eye  which  ceases  to  act,  and 
vice  versâ. 

The  reality  of  this  fact  may  appear  somewhat  the  better  con- 
firmed, that  I myself  doubted  for  some  time  its  accuracy,  till,  in 


Relations  of 
the  fifth  pair, 
and  of  the 
posterior  fas- 
ciculi of  the 
spinal  mar- 
row. 


Sensations 
not  seated  in 
the  hemi- 
spheres. 


Effect  of  therr 
subtraction 
upon  vision. 
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order  to  be  satisBed^  I verified  it  by  a great  number  of  experi- 
ments. 

Effect  of  a Iiiiury  of  the  thalamus  opticus  in  mammalia,  is  also  followed 

wound  of  the  o j r 

thaiaimis  by  the  loss  of  sight  in  the  opposite  eye.  I have  never  seen  that 
any  thing,  except  injury  of  the  optic  tubercles,  or  of  the  nates,  im- 
paired vision  in  the  mammalia  ; but  this  effect  is  especially  ap- 
parent in  birds.  In  the  latter,  abstraction  of  the  hemispheres 
renders  the  eye  insensible  to  the  most  vivid  light. 

Parts  of  the  Thus  the  parts  of  the  nervous  system  necessary  to  the  exercise 

brain  neces-  * ^ ^ 

sary  to  the  of  vision  are  manifold.  To  the  exercise  of  th.at  sense,  the  intearri- 

sense  of  sight.  ^ ° 

ty  of  the  hemispheres,  of  the  thalami,  and  perhaps  of  the  anterior 

corpora  quadrigemina,  and  finally,  of  the  fifth  pair,  is  necessary. 
It  is  to  be  observed,  that  the  influence  of  the  hemispheres,  and  of 
the  optic  thalami,  is  transverse,  or  crosswise,  whilst  that  of  the  fifth 
pair  is  direct. 

If  we  ask  why  the  sense  of  sight  differs  so  much  from  the  other 
senses  in  relation  to  the  number  and  importance  of  the  nervous 
parts  which  contribute  to  it,  we  shall  find  that  vision  very  rarely 
consists  in  a simple  impression  of  light  ; and  even  that  impression 
may  take  place  without  being  followed  by  vision  ; that,  on  the 
contrary,  the  action  of  the  optic  apparatus  is  almost  always  united 
to  an  intellectual  or  instinctive  operation,  by  which  we  establish 
the  distance,  magnitude,  form,  and  motion  of  bodies;  a process, 
in  short,  which  « ■iobably  demands  the  intervention  of  the  most  im- 
portant parts  of  the  nervous  system,  and  particularly  that  of  the 
hemispheres. 


Of  memory. 

Of  memory.  The  brain  is  not  only  capable  of  perceiving  sensations,  but  it 

possesses  the  faculty  of  reproducing  those  it  has  already  perceived. 
This  cerebral  action  is  called  remembrance,  when  the  ideas  are 
reproduced  which  have  not  been  long  received  ; it  is  called  recol- 
lection, when  the  ideas  are  of  an  older  date.  An  old  man  who 
recalls  the  events  of  his  youth,  has  recollection  ; he  who  recalls 
the  sensations  which  he  had  last  year,  has  memory,  or  remem- 
brance. 

Reminis-  Remhiiscence  is  an  idea  produced  which  one  does  not  remem- 
ber  having  had  before. 
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111  childhood  and  youth  memory  is  very  vivid,  as  well  as  sensi- 
bility : it  is  therefore  at  this  age  that  the  greatest  variety  of  know- 
ledge is  acquired,  particularly  that  sort  which  does  not  require 
much  reflection  ; such  as  history,  languages,  the  descriptive 
sciences,  &c.  Memory  afterwards  weakens  along  with  age  : in 
the  adult,  it  diminishes  ; in  old  age,  it  fails  almost  completely. 
There  are,  however,  individuals  who  preserve  their  memory  to  a 
very  advanced  age  ; but  if  this  does  not  depend  on  great  exercise, 
as  happens  with  actors,  it  exists  often  only  to  the  detriment  of  the 
other  intellectual  faculties. 

The  sensations  are  recalled  with  ease  in  proportion  as  they  are 
vivid.  The  remembrance  of  internal  sensations  is  almost  always 
confused  ; certain  diseases  of  the  brain  destroy  the  memory  en- 
tirely. 

The  memory  may  be  exercised  in  an*  almost  exclusive  manner 
upon  very  different  subjects  : there  is  a memory  of  words,  of 
places,  of  names,  of  forms,  of  music,  8cc.  It  is  rare  that  one  man 
enjoys  a union  of  all  these  memories;  they  scarcely  show  them- 
selves, except  in  an  insulated  or  solitary  state,  and  almost  always 
form  the  most  distinguishing  trait  of  that  understanding  of  which 
they  constitute  a part. 

Diseases  also  afford  us  occasionally  a few  psychologick  analyses 
of  memory  : one  sick  person  loses  the  remembrance  of  proper 
names,  another  that  of  substantives,  a third  that  of  numbers,  and 
cannot  count  beyond  three  or  four.  Another  patient  forgets  even 
his  own  language,  and  thus  loses  the  power  of  expressing  himself 
on  any  subject.  In  all  these  cases,  after  death,  we  observe  more 
or  less  extensive  lesions  of  the  brain,  and  medulla  oblongata  : but 
morbid  anatomy  has  not  yet  succeeded  in  establishing  any  relation 
between  the  part  injured,  and  the  species  of  memory  abolished  ; so 
that  we  know  not  hitherto  whether  any  point  of  the  brain  be  par- 
ticularly destined  to  the  exercise  of  memory  *• 


• Phrenology,  which  I scruple  not  to  denominate  a pseudo-science,  such 
as  was  formerly  astrology  or  necromancy,  has  attempted  to  localise  the  dif- 
ferent kinds  of  memories  ; but  these  endeavours,  laudable  in  themselves,  are 
hitherto’unable  to  bear  examination. 


Memory  in 
ditferent  ages. 


Different 
kinds  of 
memory. 
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Of  judgment. 


of  the  faculty 
of  judging. 


Reasoning. 


Importance 
of  judging 
justly. 


Genius,  wit, 
imagination. 


Judgment  is  the  most  important  of  the  intellectual  faculties. 
We  acquire  all  our  knowledge  by  this  faculty  : without  it  our  life 
would  be  merely  vegetative  ; we  would  have  no  idea  either  of  the 
existence  of  other  bodies,  or  of  our  own  ; for  these  two  sorts  of 
notions,  like  all  our  knowledge,  are  the  consequence  of  our  faculty 
of  judging. 

To  judge  is  to  establish  a relation  between  two  ideas,  or  be- 
tween two  groups  of  ideas.  When  I judge  of  the  goodness  of  a 
work,  I feel  that  the  idea  of  goodness  belongs  to  the  book  which 
I have  read  ; I establish  a relation,  I form  to  myself  an  idea  of  a 
different  kind  from  that  which  arises  from  sensibility  and  memoiy. 

A continuation  of  judgments  linked  together  form  an  inference, 
or  process  of  reasoning. 

We  see  how  important  it  is  to  judge  justly,  that  is,  to  establish 
only  those  relations  which  really  exist.  If  I judge  that  a poison- 
ous substance  is  salutary,  I am  in  danger  of  losing  my  life  ; my 
false  judgment  is  therefore  hurtful-  It  is  the  same  with  all  those 
relations  of  the  same  kind.  Almost  all  the  misfortunes  which  op- 
press man  in  a morbid  sense,  arise  from  errors  of  judgment  ; crimes, 
vices,  bad  conduct,  spring  from  false  judgment. 

The  science  of  logic  has  for  its  end  the  teaching  of  just  reason- 
ing ; but  pure  judgment,  or  good  sense,  and  false  judgment,  or 
tvrongheadedness,  depend  on  organization.  We  cannot  change  in 
this  respect  ; we  must  remain  as  nature  has  made  us.  There  are 
men  endowed  with  the  precious  gift  of  finding  relations  of  things 
which  had  never  been  perceived  before-  If  these  relations  are 
very  important,  and  beneficial  to  humanity,  the  authors  are  men 
of  genius  ; if  the  relations  are  of  less  importance,  they  are  consi- 
dered men  of  wit,  of  imagination.  Men  differ  principally  by  their 
manner  of  feeling  different  relations,  or  of  judging.  The  judgment 
seems  to  be  injured  by  an  extreme  vivacity  of  sensations  ; hence 
we  see  that  faculty  become  more  perfect  with  age. 

It  is  not  known  which  part  of  the  brain  serves  for  the  more  im- 
mediate seat  of  judgment  ; it  was  long  thought  to  be  in  the  hemi- 
spheres, but  nothing  proves  it  distinctly. 
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Of  desire,  or  tvill. 

We  s'ive  the  name  of  will  to  that  modification  of  the  faculty  of  wm,  orde- 

® , * sire. 

perception  by  which  we  form  desires.  It  is  generally  the  effect  of 
our  judgment  ; but  what  is  remarkable,  our  happiness  or  our 
misery  are  necessarily  connected  with  it.  When  we  satisfy  our  Happiness  oi 
desires  we  are  happy  ; but  we  are  miserable  if  our  desires  be  not 
fulfilled  : it  is  then  necessary  to  give  such  a direction  to  our  de- 
sires that  we  may  be  enabled  to  obtain  happiness.  We  ought  not 
to  desire  things  which  cannot  be  obtained  : we  ought  to  avoid» 
even  with  greater  care,  those  things  which  are  hurtful  ; for  in  such 
cases  we  must  be  unhappy  whether  our  desires  are  satisfied  or 
not.  Morality  is  a science  which  tends  to  give  the  best  possible 
direction  to  our  desires. 

The  desires  are  generally  confounded  with  that  cerebral  action 
which  governs  the  voluntary  contraction  of  the  muscles.  I think 
it  beneficial  to  their  study,  to  establish  the  distinction  between  them. 

Such  are  the  four  principal  shades  of  the  faculty  of  perception, 
otherwise  called  the  simple  faculties  of  the  mind.  By  combina- 
tion and  re-action  upon  each  other,  they  constitute  the  intelligence 
of  man,  and  of  the  most  perfect  animals  ; with  this  difference,  that 
in  animals  they  remain  nearly  in  their  natural  state,  whereas  man 
uses  them  in  a different  manner,  and  thence  assumes  the  intellec- 
tual superiority  which  distinguishes  him. 

The  faculty  of  generalizing,  which  consists  in  creating  signs  to  Faculty  of 
represent  ideas,  in  thinking  by  means  of  these  signs,  and  in  form- 
ing  abstract  ideas,  is  what  characterizes  the  human  intellect,  and 
which  allows  it  to  extend  itself  to  the  prodigious  compass  mani- 
fested in  civilized  nations  ; but  this  faculty  necessarily  depends  on 
the  state  of  society.  A human  being  separated  from  the  rest  of 
mankind,  and  who,  even  in  his  first  years,  had  no  intercourse  with 
his  species,  of  which  there  are  several  examples,  would  differ  very 
little  from  animals  ; he  would  be  limited  to  the  four  simple 
faculties  of  the  mind.  There  are  even  individuals  to  whom  na- 
ture, by  a vicious  organization,  has  refused  the  faculty  of  employ- 
ing signs,  and  forming  abstractions,  or  general  ideas  : they  remain 
all  their  lives  in  a state  of  stupidity,  as  is  seen  in  idiots. 

H 2 
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Conditions 
favourable  1 
the  display 
intellect. 


Of  instinct. 


Instinct  of 
two  sorts. 


Double  de- 
sign. 


Man  has  two 
sorts  of  in- 
stinct. 


The  physical  circumstances  in  which  man  finds  himself  placed, 
[have  generally  a great  influence  upon  the  degree  of  extention  of 
his  intelligence.  If  he  procure  his  subsistence  with  ease  ; if  he 
satisfy  all  the  necessities  of  his  organization,  he  will  be  in  the  most 
favourable  state  for  the  cultivation  of  his  mind,  and  to  give  the 
rein  to  his  mental  faculties  : this  happens  in  civilized  countries. 
But  if  man  cannot  without  difficulty  provide  for  his  subsistence, 
and  for  his  other  wants,  his  intelligence  being  always  directed  to 
one  point,  will  remain  in  an  imperfect  state  ; this  happens  with 
savages,  enslaved  peasantry,  &c. 

OF  INSTINCT  AND  THE  PASSIONS. 

Animals  are  not  abandoned  by  nature  to  themselves  ; they  are 
all  employed  in  a series  of  actions  ; whence  results  that  marvellous 
whole  that  is  seen  amongst  organized  beings.  To  incline  animals 
to  the  punctual  execution  of  those  actions  which  are  necessary  for 
them,  nature  has  provided  them  with  instinct  ; that  is,  propensi- 
ties, inclinations,  wants,  by  which  they  are  constantly  excited,  and 
forced  to  fulfil  the  intentions  of  nature. 

Instinct  may  exist  in  two  different  modes,  with  or  without 
knowledge  of  the  end.  The  first  is  enlightened  instinct,  the  se- 
cond is  blind  instinct  ; the  one  is  particularly  the  gift  of  man,  the 
other  belongs  to  animals. 

In  examining  carefully  the  numerous  phenomena  which  depend 
on  instinct,  we  see  that  there  is  a double  design  in  every  animal  : 
1st,  the  preservation  of  the  individual  ; 2d,  the  preservation  of  the 
species.  Every  animal  fulfils  this  end  in  its  own  way,  and  ac- 
cording to  its  organization  : there  are  therefore  as  many  different 
instincts  as  there  are  different  species  ; and  as  the  organization 
varies  in  individuals,  instinct  presents  individual  differences  some- 
times strongly  marked. 

We  recognise  two  sorts  of  instinct  in  man  : the  one  depends 
more  evidently  on  his  organization,  on  his  animal  state  ; he  pre- 
sents it  in  whatever  state  he  is  found.  This  sort  of  instinct  is 
nearly  the  same  as  that  of  animals.  The  other  kind  of  instinct 
springs  from  the  social  state  ; and  without  doubt,  depends  on  or- 
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ganization  : What  vital  phenomenon  does  not  depend  on  it  ? But 
it  does  not  display  itself,  except  when  man  lives  in  civilized  socie  • 
ty,  and  when  he  enjoys  all  the  advantages  of  that  state. 

To  the  first,  that  may  be  called  animal  instinct,  belong  hunger,  Animal 
thirst,  the  necessity  of  clothing,  of  a covering  from  the  weather; 
the  desire  of  agreeable  sensations  ; the  fear  of  pain  and  of  death; 
the  desire  to  injure  others,  if  there  is  any  danger  to  be  feared  from 
them,  or  any  advantage  to  arise  from  hurting  them  ; the  venereal 
appetite  ; the  interest  inspired  by  children  ; inclination  to  imita- 
tion ; to  live  in  society,  which  leads  man  to  pass  through  the  dif- 
ferent degrees  of  civilization,  &c.  These  different  instinctive  feel- 
ings incline  him  to  concur  in  the  established  order  of  organized  be- 
ings. Man  is,  of  all  the  animals,  the  one  whose  natural  wants  are 
most  numerous,  and  of  the  greatest  variety  ; this  is  in  proportion 
to  the  extent  of  his  intelligence  : if  he  had  only  these  wants,  he 
would  have  always  a marked  superiority  over  the  animal. 

When  man,  living  in  society,  can  easily  provide  for  all  the  wants  Social 
which  we  have  mentioned,  he  has  then  time,  and  powers  of  action 
more  than  his  original  wants  require  : new  wants  arise,  that  may 
be  called  social  wants  : such  is  that  of  a lively  perception  of  ex- 
istence ; a want  which,  the  more  it  is  satisfied,  the  more  difficult 
it  becomes,  because,  as  we  have  already  remarked,  the  sensations 
become  blunted  by  habit. 

This  want  of  a vivid  existence,  added  to  the  continually  increas- 
ing feebleness  of  the  sensations,  causes  a mechanical  restlessness, 
vague  desires,  excited  by  the  remembrance  of  vivid  sensations 
formerly  felt  : in  order  to  escape  from  this  state,  man  is  continual- 
ly forced  to  change  his  object,  or  to  overstrain  sensations  of  the 
same  kind.  Thence  arises  an  inconstancy  which  never  permits 
our  desires  to  rest,  and  a progression  of  desires,  which,  always 
annihilated  by  enjoyment,  and  irritated  by  remembrance,  proceed 
forward  without  end  : thence  arises  ennui,  by  which  the  civilized 
idler  is  incessantly  tormented. 

The  want  of  vivid  sensations  is  balanced  by  the  love  of  repose 
and  idleness  in  the  opulent  classes  of  society.  These  contradic- 
tory feelings  modify  each  other,  and  from  their  reciprocal  re-action 
results  the  love  of  power,  of  consideration,  of  fortune,  &c.,  which 
give  us  the  means  of  satisfying  both. 

These  two  instinctive  sensations  are  not  the  only  ones  which 
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spring  from  the  social  state  ; a crowd  of  others  arise  from  it,  equal- 
ly real,  though  less  important  ; besides,  the  natural  wants  become 
so  changed,  as  no  longer  to  be  known  ; hunger  is  often  replaced  by 
a capricious  taste  ; the  venereal  desires  by  a feeling  of  quite  ano- 
ther nature,  &c. 

The  natural  wants  hare  a considerable  influence  upon  those 
which  arise  from  society  ; these,  in  their  turn,  modify  the  former  ; 
and  if  we  add  age,  temperament,  sex,  &c.,  which  tend  to  change 
every  sort  of  want,  we  will  have  an  idea  of  the  difficulty  which  the 
study  of  the  instinct  of  man  presents.  This  part  also  of  physio- 
logy is  yet  scarcely  begun.  We  remark,  however,  that  the  social 
wants  necessarily  carry  along  with  them  the  enlargement  of  the  un- 
derstanding ; there  is  no  comparison  in  regard  to  the  capacity  of 
the  mind,  between  a man  in  the  higher  class  of  society,  and  a man 
whose  physical  powers  are  scarcely  sufficient  to  provide  for  his  na- 
tural wants. 

The  instincts,  the  innate  dispositions,  occupy  phrenologists  much 
at  present  ; their  efforts  are  particularly  directed  to  the  triple  ob- 
ject of  ascertaining,  of  classing,  the  instinctive  dispositions,  and, 
above  all,  of  assigning  to  them  distinct  organs  in  the  brain  ; but 
it  must  be  confessed,  that  they  are  still  far  from  seeing  their  at- 
tempts crowned  with  success. 

OJ"  the  passions. 

Of  the  pas- 
sions. 


Two  sorts 
of  passions. 


Animal  pas 
sions. 


By  passion,  is  generally  understood  an  instinctive  feeling  become 
extreme  and  exclusive.  A man  of  strong  passions  neither  hears, 
sees,  nor  exists,  but  through  the  feeling  which  agitates  him  ; and 
as  the  violence  of  this  feeling  is  such  that  it  is  extremely  painful, 
it  has  been  called  passion,  or  stiffering.  The  passions  have  the 
same  end  as  instinct  ; like  them,  they  incline  animals  to  act  accord- 
ing to  the  general  laws  of  animated  nature. 

We  see  in  man  passions  which  he  has  in  common  with  the  ani- 
mals, and  which  consist  of  animal  wants,  become  excessive  ; but 
he  has  others  which  are  displayed  only  in  the  social  state  ; these 
are  social  wants  grown  to  excess. 

The  animal  passions  have  a twofold  design,  which  we  have 
described  in  speaking  of  natural  instinct  ; namely,  the  preservation 
of  the  individual,  and  of  the  species. 
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To  the  preservation  of  the  individual  belong  fear,  anger,  sorrow, 
hatred,  excessive  hunger,  &c.  To  the  preservation  of  the  species, 
excessive  venereal  desires,  jealousy  ; the  fury  which  is  felt  when 
our  offspring  are  in  danger,  &c. 

Nature  has  made  this  sort  of  passion  very  powerful,  and  it  is 
equally  so  in  a state  of  civilization. 

The  passions  which  belong  to  the  social  state  are  only  the  so-  Social  pas- 
cial  wants  carried  to  excess.  Ambition  is  the  inordinate  love  of 
power  ; avarice,  the  love  of  riches,  become  excessive  ; hatred  and 
revenge,  that  natural  and  impetuous  desire  to  injure  whoever  hurts 
us  ; the  passion  of  gaming,  and  almost  all  the  vices,  which  are  also 
passions,  are  violent  inclinations  to  increase  the  feeling  of  exist- 
ence ; violent  love  is  an  elevation  of  the  venereal  desires,  &c. 

Some  of  the  passions  are  allayed,  or  extinguished,  by  gratifica- 
tion ; others  become  more  irritated  by  it  : the  first  sort  are,  there- 
fore, often  the  cause  of  happiness,  as  is  seen  in  philanthropy  and 
love  : whilst  the  latter  sort  necessarily  cause  misery  : misers,  am- 
bitious, and  envious  people,  are  examples  of  the  last. 

If  our  necessities  develope  the  intellect,  the  passions  are  the 
principle,  or  the  cause,  of  every  thing  great  which  man  performs, 
whether  good  or  bad.  Great  poets,  heroes,  great  criminals,  and 
conquerors,  are  men  of  strong  passions. 

Shall  we  speak  of  the  seat  of  the  passions  ? Shall  we  say,  like  Seat  of  the 
Bichat,  that  they  reside  in  organic  life  ? or  like  the  ancients,  and 
certain  moderns,  that  anger  resides  in  the  head,  courage  in  the 
heart,  fear  in  the  semilunar  ganglion,  &c.  ? But  the  passions  are 
internal  sensations  ; they  can  have  no  seat.  They  are  the  result 
of  the  action  of  the  nervous  system,  and  particularly  of  that  of  the 
brain  : they  admit,  then,  of  no  explanation.  They  may  be  ob- 
served, directed,  calmed,  or  extinguished  ; but  cannot  be  ex- 
plained *. 


• This  should  be  the  proper  place  to  treat  of  the  use  of  the  different 
parts  of  the  brain,  in  regard  to  the  understanding  and  instincts  ; but  the 
subject  is  still  too  irftich  involved  in  conjecture  for  an  elementary  work.  I 
have  been  engaged,  at  intervals,  on  experiments  directed  to  this  point,  and 
will  make  the  results  known  as  soon  as  they  appear  worthy  of  public  notice. 
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Functions  by 
which  we  act 
upon  the  bo- 
dies which 
surround  us. 


Muscular  con- 
traction. 


Nerves  of 
sense,  and 
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OF  THE  VOICE  AND  MOVEMENTS. 

The  functions  that  we  have  hitherto  examined,  rest  all  upon  the 
faculty  of  feeling:  by  this  faculty  we  know  what  exists  around  us, 
and  what  we  are  ourselves.  To  terminate  the  history  of  the  rela- 
tive functions,  it  remains  to  speak  of  those  functions,  by  means  of 
which  we  act  upon  external  bodies,  produce  upon  them  the  changes 
we  think  necessary,  and  express  our  feelings  and  ideas  to  the 
beings  which  surround  us.  These  functions  are  only  shades  of  the 
same  phenomenon,  muscular  contractions  ; So  that  the  faculty  of 
feeling  on  the  one  part,  and  muscular  contraction  on  the  other, 
constitute  the  whole  of  our  life  of  relation.  We  will  first  treat 
generally  of  muscular  contraction,  and  will  then  explain  its  two 
principal  results,  voice  and  motion. 

Of  musc-Jar  contraction. 

Muscular  contraction,  which  is  likewise  named  animal  contrac- 
tion, is  not  a vital  property,  at  least  according  to  the  manner  in 
which  it  is  necessary  to  understand  this  word  ; it  results  from  the 
successive  or  simultaneous  action  of  a number  of  organs  ; it  ought 
in  consequence  to  be  considered  as  a function. 

Parts  of  the  brain  which  appear  more  particularly  destined 
to  motion. 

Certain  parts  of  the  cerebro-spinal  system  seem  more  particu- 
lar! v destined  to  motion  : such  are,  in  proceeding  from  before  back- 
wards, the  corpora  striata,  the  optic  thalami  in  their  inferior  part, 
the  crura  cerebri,  the  pons  Varolii,  the  peduncles  of  the  cerebel- 
lum, the  lateral  parts  of  the  medidla  oblongata,  the  anterior  fas- 
ciculi of  the  medulla  spinalis:  we  shall  immediately  cite  the  facts 
upon  which  we  found,  when  assigning  these  parts  as  having  a re- 
markable influence  upon  our  motions. 

Nerves  of  motion. 

Anatomists  have  long  sought  to  distinguish  nerves  of  sense 
from  nerves  of  motion.  They  have  applied  themselves  with  so 
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•rmch  the  more  zeal  to  this  research,  that  every  day’s  experience 
shows  the  two  phenomena  insulated  by  disease.  We  see  fre- 
quently, in  fact,  one  part  lose  its  sensibility,  and  preserve  its 
j)ower  of  motion,  or,  conversely,  lose  its  motion  and  retain  its  sen- 
sibility. I have  been  fortunate  enough  to  establish  this  distinction 
by  experiment;  audit  is  generally  known,  at  present,  since  my  in- 
quiry, that  the  anterior  roots  of  the  spinal  nerves,  are  the  nerves 
which  essentially  belong  to  the  motion  of  all  parts  of  the  trunk  and 
limbs. 

With  regard  to  the  face,  it  results,  from  a beautiful  experiment  of  the 
of  Mr  Charles  Bell,  that  the  nerve  of  the  seventh  pair  is  pecu- 
liarly the  organ  which  is  subservient  to  the  motions  of  the  palpe- 
braè,  cheeks,  and  lips.  Experiment  has  also  taught  me,  that  tiie 
hypoglossal  and  glossopharyngeal  nerves  are  more  particularly 
destined  to  the  motions  of  the  tongue  ; as  the  muscular  portion  of 
the  fifth  pair  directs  those  of  the  jaws,  and  as  the  third,  fourth, 
and  sixth  pairs  concur  more  especially  in  the  movements  of  the 
iris  and  globe  of  the  eye.  We  shall  return  to  these  newly  disco- 
vered facts,  at  the  article  of  partial  motions.  I have  elsewhere  de- 
livered experimental  proofs,  that  the  eighth  pair  directs  the  mo- 
tions of  the  glottis,  as  we  shall  see  in  the  article  voice. 

Messieurs  Prévost  and  Dumas  have  recently  been  occupied  with 
the  structure  of  the  nerves  which  go  to  the  muscles,  and  with  the 
manner  in  which  they  are  modified,  when  once  arrived  in  the  midst 
of  muscular  fibres.  A great  number  of  observations  made  with 
the  microscope  upon  the  nerves  of  the  hare,  the  guinea  pig,  and 
the  frog,  have  demonstrated  to  them,  that  under  a magnifier  which 
merely  enlarges  the  diameter  ten  or  fifteen  times,  the  nerves  pre- 
sent at  their  surface  bands  alternately  white  and  dark,  which  re- 
semble in  a striking  manner  the  contom-  of  a serrated  spiral  placed 
under  the  cellular  envelope.  But  that  appearance  is  illusory,  and 
depends  simply  upon  a small  fold  of  the  envelope,  which  loses  its 
transparency  in  one  particular  point,  and  preserves  it  in  another. 

The  proof  of  this  is,  that  by  drawing  gently  out  the  nervous  fila- 
ment placed  under  the  lens,  the  whole  disappears. 

When  we  take  a nerve,  and  dividing  it  longitudinally,  spread  it 
out  under  water,  we  observe  that  it  is  composed  of  a great  num- 
ber of  small  parallel  filaments,  equal  in.  thickness.’  These  filaments 
are  flat,  and  composed  of  four  elementary  fibres,  disposed  very 
nearly  on  the  same  plane.  These  fibres  are  themselves  composed 
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of  a series  of  globules.  See  plate,  vol.  iii.  of  the  Journal  de  Phy- 
siologie. Messieurs  Prévost  and  Dumas  find  that  there  was  ^bout 
16,000  of  these  fibres  in  a cylindrical  nerve  of  '03937  (=  ^V)  of 
an  inch  in  diameter  ; for  example,  in  the  crural  nerve  of  a frog. 

OF  THE  MUSCLES. 

The  name  of  muscular  system  is  given  to  the  whole  muscles 
taken  collectively. 

The  form,  the  disposition,  &c.  of  the  muscles  are  infinitely  va- 
rious. A muscle  is  composed  of  a number  of  muscular  fasciculi, 
which  are  composed  of  fibres  still  smaller  ; these  result  from  fibres 
of  a less  volume  ; at  last,  by  successive  division,  we  arrive  at  a 
very  small  fibre  which  is  no  longer  divisible,  but  which  perhaps 
might  be  so  if  our  means  of  division  were  more  perfect.  This  in- 
divisible filament  is  the  muscular  fhre.  There  have  been  many 
suppositions  as  to  its  form,  size,  position,  and  the  nature  of  the 
atoms  which  compose  it.  It  is  longer  or  shorter  according  to  the 
muscles  to  which  it  belongs.  It  preserves  always  a right  line,  and 
does  not  divide  nor  become  confounded  with  the  fibres  of  the  same 
sort  ; it  is  covered  with  a very  fine  cellular  tissue  : soft,  and  easily 
torn  in  the  dead  body,  it,  on  the  contrary,  presents  in  the  living 
one  a resistance  which,  in  proportion  to  its  size,  is  quite  astonish- 
ing ; it  is  essentially  composed  of  jihrin  and  osmazome,  receives  a 
great  deal  of  blood,  and  at  least  one  nervous  filament.  Some  ana- 
tomists pretend  to  explain  the  manner  in  which  the  nerves  and  the 
vessels  are  disposed  of  after  arriving  at  the  tissue  of  the  muscular 
fibre,  but  they  have  said  nothing  satisfactory  on  this  point. 

The  researches  in  which  we  can  best  confide  upon  this  subject 
are  those  which  have  been  made  a short  time  ago  by  Messieurs  Pré- 
vost and  Dumas  ; these  young  and  learned  naturalists  have  followed 
with  the  microscope  the  distribution  of  the  nervous  fibres,  and  they 
assure  us,  that  they  neither  become  cgnfused,  nor  vanish  obscurely 
among  the  muscles,  but  that  they  form  at  that  point  a curve  or 
loop,  which  proceeds  from  one  nerve  to  another,  and  which  finally 
re-ascends  in  the  direction  of  the  brain,  after  having  traversed  the 
muscle  *.  According  to  the  same  authors,  each  filament  has  one 
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extremity  at  the  anterior  part  of  the  spinal  marrow,  descends 
towards  a muscle,  and  making  part  of  a nervous  trunk,  then  tra- 
verses one  or  more  muscular  fibres,  and  finally  proceeds  to  regain 
the  posterior  aspect  of  the  medulla  by  re-ascending  along  a nervous 
trunk. 

Every  muscular  fibre  is  fixed  by  its  two  extremities  to  fibrous 
prolongations,  tendo7is,  aponeuroses,  which  are  the  conductors  of 
its  power  when  it  contracts. 

Muscular  contraction,  such  as  takes  place  in  the  ordinary  state  conditions 
of  life,  supposes  the  free  exercise  of  the  brain,  of  the  nerves  which  to  muscular 
enter  the  muscles,  and  of  the  muscles  themselves.  Every  one 
these  organs  ought  to  receive  arterial  blood,  and  the  venous 
blood  ought  not  to  remain  too  long  in  its  tissue.  If  one  of  these 
conditions  be  wanting,  the  muscular  contraction  is  weakened,  in- 
jured, or  rendered  impossible. 


Phenomena  of  muscular  contractions^ 

Examined  with  a very  weak  magnifier,  the  muscular  fibres  zigzag 
which  form  a muscle,  are  parallel  and  straight,  if  the  muscle  be  in  m“des?^ 
a state  of  repose,  but  very  much  disposed  to  change  their  position. 

If  by  any  cause  the  muscle  comes  to  contract  itself,  immediately 
there  appears  in  the  muscular  fibres,  a most  remarkable  phenome- 
non, and  which  had  only  been  vaguely  observed  before  the  re- 
searches of  Messieurs  Prévost  and  Dumas.  All  at  once  the  fibres 
hend  themselves  into  a zigzag  direction  ; and  present  in  an  instant 
a great  number  of  angular  and  regularly  opposed  undulations,  thus, 

If  the  cause  which  had  led  to  the  contraction  ceases, 
the  parallelism  of  the  fibres  is  reproduced  with  the  same  rapidity 
with  which  it  has  been  destroyed. 

In  repeating  that  experiment,  it  is  easy  to  ascertain  that  the 
flexions  of  each  fibre  take  place  in  certain  determinate  points,  and 
never  in  others.  The  strongest  contractions  never  extend  so  far 
as  to  produce  angles  of  above  50  degrees.  One  fact  very  worthy 
of  interest,  and  which  has  been  observed  by  Prévost  and  Dumas, 
is,  that  the  nervous  filaments  which  traverse  the  muscular  fibres, 
pass  exactly  through  the  points  where  the  angles  of  flexion 
produced,  and  in  a direction  perpendicular  to  the  fibres. 

4 
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mwes  whUe  Same  authors  have  ascertained,  by  the  most  precise  obser- 

notSnened^  vations,  that  the  contracted,  that  is  to  say,  the  angular  fibre,  is  not 
shortened  : and  that  thus  in  contraction,  the  extremities  of . the 
fibre  approach,  but  that  the  fibre  itself  has  lost  nothing  of  its  length. 
They  arrived  at  this  result,  both  by  directly  measuring  the  con- 
tracted fibre,  and  by  calculating  the  angles  produced. 

It  wa^  long  doubtful  whether  the  muscle  contracting  was  in- 
creased or  diminished  in  regard  to  volume.  Borelli  maintained  that 
there  was  an  augmentation  ; Glisson  supported  the  contrary,  and 
referred  to  experiment.  He  pluiiged  the  arm  of  a man  into  a jar 
filled  with  water,  and  thought  that  he  perceived  a descent  of  the 
water  from  its  level,  at  the  moment  in  which  he  ordered  the  man 
to  contract  his  muscles.  This  experiment,  repeated  with  more 
precautions  by  M.  Carlisle,  has  presented  an  opposite  result  ; but 
it  is  understood  that  this  mode  of  experimenting  is  far  from  pre- 
senting the  necessary  precision,  since  no  account  is  made  of  the 
changes  which  must  at  the  same  time  take  place,  both  in  the  skin 
and  cellular  membrane.® 

Muscles  do  M.  Barzoletti  made  the  experiment  in  a manner  which  leaves 

not  change  , . 

their  volume,  nothing  to  be  Supplied  : he  suspended  in  a flask  the  posterior  half 
of  a frog,  filled  it  with  water,  and  shut  it  with  a cork,  through 
which  passed  a straight  graduated  tube.  He  then  caused  the 
muscle  to  contract  by  means  of  galvanism,  but  in  no  instance  did 
he  find  the  level  of  the  liquid  change  in  the  tube.  It  is  then  quite 
certain  that  the  volume  of  the  muscles  changes  not  during  contrac- 
tion. 


Appan 

phenomena  of 


When  a muscle  contracts,  its  fibres  shorten,  and  become  hard. 


muscular  con-  with  more  01'  less  rapidity,  without  any  preparatory  oscillation  or 
traction.  ...  , . i i • • i i 

hesitation  ; they  acquire  all  at  once  such  an  elasticity,  that  they 

are  capable  of  vibrating,  or  producing  sounds.  The  colour  of  the 

muscle  does  not  appear  to  change  in  the  instant  of  contraction  ; 

but  there  is  a certain  tendency  to  become  displaced,  which  the 

aponeurosis  opposes. 

The  whole  of  the  sensible  phenomena  of  muscular  contraction 
goes  on  in  the  muscles  ; but  to  a certainty  no  action  can  take  place 
without  the  immediate  influence  of  the  brain  and  the  nerves. 

If  the  brain  of  a man,  or  of  an  animal,  is  compressed,  the  faculty 
of  contracting  the  muscles  ceases  ; the  nerves  of  a muscle  being  cut, 
it  loses  all  power. 


COMPENDIUM  OF  PHYSIOLOGY. 


125 


What  change  happens  in  the  muscular  tissue  during  the  state  of 
contraction  ? this  is  totally  unknown  ; in  this  respect  there  is  no 
difference  between  muscular  contraction  and  the  vital  actions,  of* 
which  no  explanation  can  be  given.  There  is  no  want  of  attempts  i-iypotiicsis  of 
to  explain  the  action  of  the  muscles,  as  well  as  that  of  the  nerves  “racTion.' 
and  brain,  in  muscular  contraction  : but  none  of  the  proposed  hy- 
potheses can  be  received. 

Instead  of  following  such  speculations,  which  can  be  easily  in- 
vented or  refuted,  and  which  ought  to  be  banished  from  physiolo- 
gy, it  is  necessary  to  study  in  muscular  contraction,  1st,  the  inten- 
sity of  the  contraction  ; 2d,  its  duration  ; 3d,  its  rapidity  ; 4<th,  its 
extent. 

The  intensity  of  muscular  contraction,  that  is,  the  degree  of  intensity  of 

/ ^ ° thecontrac- 

power  with  which  the  fibres  draw  themselves  togelher,  is  regulated  tionofmus- 
by  the  action  of  the  brain  ; it  is  generally  regulated  by  the  will  ac- 
cording to  'certain  limits,  which  are  different  in  different  indivi- 
duals. A particular  organization  of  the  muscles  is  favourable  to 
the  intensity  of  their  contraction  : this  organization  is,  a consider- 
able volume  of  fibres  ; strong,  of  a deep  red,  and  striate<l  trans- 
versely. With  an  equal  power  of  the  will,  these  will  produce  much 
more  powerful  effects  than  muscles  whose  fibres  are  fine,  colour- 
less, and  smooth.  However,  should  a very  powerful  cerebral  in- 
fluence, or  a great  exertion  of  the  will,  be  joined  to  such  fibres, 
the  contraction  will  acquire  gi'eat  intensity  ; so  that  the  cerebral 
influence,  and  the  disposition  of  the  muscular  tissue,  are  the  two 
elements  of  the  intensity  of  muscular  contraction. 

A very  great  cerebral  energy  is  rarely  found  united  in  the  same 
individual,  with  that  disposition  of  the  muscular  fibres  which  is  ne- 
cessary to  produce  intense  contractions  ; these  elements  are  al- 
most always  in  an  inverse  ratio.  When  they  are  united  they  pro- 
duce astonishing  effects.  Perhaps  this  union  existed  in  the  atlile- 
tae  of  antiquity  ; in  our  times  it  is  observed  in  certain  mounte- 
banks. 

The  muscular  power  may  be  carried  to  a wonderful  degree  by 
the  action  of  the  brain  alone  ; we  know  the  strength  of  an  enraged 
person,  of  maniacs,  and  of  persons  in  convulsions. 

The  will  governs  the  duration  of  the  contraction  ; it  cannot  be  Duration  of 
carried  beyond  a certain  time,  however  it  may  vary  in  different  contracUon. 
individuals.  A feeling  of  weariness  takes  place,  not  very  great  at 
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first,  but  which  goes  on  increasing  until  the  muscle  refuses  contrac- 
tion. The  quick  development  of  this  painful  feeling  depends  on 
the  intensity  of  the  contraction  and  the  weakness  of  the  individual. 

To  prevent  this  inconvenience,  the  motions  of  the  body  are  so 
calculated  that  the  muscles  act  in  succession,  the  duration  of  each 
being  but  short  : our  not  being  able  to  rest  long  in  the  same  posi- 
tion is  thus  explained,  as  an  attitude  which  causes  the  contraction 
of  a small  number  of  muscles  cannot  be  preserved  but  for  a very 
short  time. 

The  feeling  of  fatigue  occasioned  by  muscular  contraction  soon 
goes  oflF,  and  in  a short  time  the  muscles  recover  the  power  of 
contracting. 

The  quickness  of  the  contractions  are,  to  a certain  degree,  sub- 
ject to  cerebral  influence  : we  have  a proof  of  this  in  our  ordinary 
motions  ; but  beyond  this  degree,  it  depends  evidently  on  habit. 
In  respect  of  the  rapidity  of  motion,  there  is  a vast  difference 
between  that  of  a man  who  touches  a piano  for  the  first  time,  and 
that  which  the  same  man  produces  after  several  years  practice. 
There  is,  besides,  a very  great  difference  in  persons  with  regard  to 
the  quickness  of  contractions,  either  in  ordinary  motions  or  in 
those  which  depend  on  habit. 

As  to  the  extent  of  the  contractions,  it  is  directed  by  the  will  ; 
but  it  must  necessarily  depend  on  the  length  of  the  fibres,  long 
fibres  having  a greater  extent  of  contraction  than  those  that  arc 
short. 

After  what  has  been  said,  we  see  that  the  will  has  generally  a 
great  influence  on  the  contraction  of  muscles  ; it  is  not,  however, 
indispensable  : m many  circumstances  motions  take  place,  not  only 
without  the  participation  of  the  will,  but  even  contrary  to  it  : we 
find  very  striking  examples  of  this  in  the  effects  of  habit,  of  the 
passions,  and  of  diseases. 

We  must  not  confound  muscular  contraction,  such  as  we  have 
now  described  it,  with  the  modifications  which  it  suffers  in  diseases, 
as  convulsions,  spasms,  tetanus,  wounds  of  the  brain,  &c.  ; we  must 
also  take  care  not  -lio  confound  the  contraction  of  which  we  are 
speaking  with  the  phenomena  that  the  muscles  present  some  time 
after  death.  These  phenomena  are  doubtless  worthy  of  study  ; 
but  they  do  not  deserve  that  importance  attached  to  them  by 
Haller  and  his  disciples  ; and,  above  all,  they  ought  not,  under  the 
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name  of  irritability,  to  be  united  with  the  other  modes  of  contrac- 
tion which  are  seen  in  the  animal  economy,  and  particularly  with 
muscular  contraction. 

Modifications  of  muscular  contraction  by  age. 

Before  the  beginning  of  the  second  month,  the  muscles  cannot  Muscular 
be  distinguished  from  the  gelatinous  mass  which  constitutes  the  in  different 
embryo  : even  at  this  period  they  scarcely  exhibit  any  of  the  cha- 
racters  which  they  present  in  manhood.  They  are  of  a pale  brown, 
tinged  slightly  red  ; they  admit  only  a small  quantity  of  blood  in 
proportion  to  that  which  they  receive  afterwards.  They  grow,  Musciesinthe 
and  expand  along  with  the  body  ; but  this  development  is  but 
trifling,  so  that  at  birth  they  are  very  slender  ; we  ought  to  except, 
however,  those  that  concur  in  digestion  and  respiration,  which 
ought  to  be,  and  which  really  are,  of  a much  greater  size. 

During  infancy,  and  youth,  the  growth  of  the  muscles  is  much  Muscles  of 

accelerated,  but  it  is  principally  in  length  : on  this  account  young  and  youth. 

men  are  round,  slender,  and  agreeable  in  their  form  ; the  case  is  nearly 

the  same  in  vouner  girls.  In  manhood  the  form  changes  again  : Muscles  of 
J o o ^ DO  manhood. 

the  muscles  become  thicker,  show  themselves  under  the  skin,  and 
increase  in  volume  ; the  intervals  which  separate  them  being  left 
empty,  there  arise  inequalities  on  the  body  which  give  it  a very  dif-  , 
ferent  appearance  from  that  of  youth.  The  tissue  of  the  muscle 
now  becomes  more  firm  ; its  red  colour  becomes  more  deep,  even 
its  chemical  nature  becomes  modified  ; for  daily  experience  teaches 
us,  that  broth  made  of  the  flesh  of  young  animals  has  asavour, 
colour,  and  consistence  quite  different  from  that  which  is  made  of 
the  flesh  of  those  that  are  full  grown.  The  muscles  of  the  full 
grown  animal  appear  to  contain  more  fibrin,  osmazome,  and  co- 
louring matter  of  the  blood,  and  therefore  more  iron. 

The  nourishment  of  the  muscles  decreases  very  sensibly  in  old  Muscles  in 
age.  These  organs  diminish  in  size,  become  pale,  lax,  and  un-°’‘'“®^' 
steady,  particularly  in  the  members  ; the  contractility  of  the  tissue 
is  weakened,  the  fibre  becomes  tough  and  <lifBcult  to  tear  ; the 
culinary  preparation  of  muscular  flesh  is  also  very  different,  ac- 
cording as  the  animal  is  young  or  old. 

Muscular  contraction  suffers  nearly  the  same  changes  as  the  Muscular 

• • 1 T 1 ^ contraction 

nutrition  or  muscles.  In  the  fetus  it  hardly  exists,  it  becomes  «Afferent 
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more  active  at  birth,  it  increases  with  rapidity  in  childhood  and 
youth,  it  becomes  most  perfect  in  manhood,  and  finishes  by  being- 
almost  destroyed  in  old  age. 


OF  VOICK. 

By  voice,  we  understand  the  sound  whidi  is  produced  in  the 
larynx,  at  the  instant  when  the  air  traverses  this  organ,  either  to 
enter  or  go  out  of  the  trachea. 

In  order  to  understand  the  mechanism  by  which  voice  is  pro- 
duced and  modified,  we  must  say  something  of  the  manner  in 
which  sound  is  produced,  in  which  it  is  propagated  and  modified 
in  wind  instruments,  particularly  those  that  have  most  analogy 
with  the  organ  of  voice. 

A wind  instrument  is  generally  formed  of  a tube,  either  straight 
or  bent,  in  which,  by  various  processes,  air  is  made  to  vibrate. 

Wind  instruments  are  of  two  sorts  : the  one  sort  are  called  month 
instruments,  the  other  sort  reed  instruments. 

In  the  mouth  instruments,  the  horn,  trumpet,  trombone,  flageolet, 
flute,  organ  ; the  column  of  air  contained  in  the  tube  is  the  sono- 
rous body.  The  air  must  be  caused  to  vibrate  in  it  in  order  to 
produce  sounds.  For  this  purpose,  the  means  employed  are  va- 
rious according  to  the  sort  of  instrument.  The  length,  the  width, 
the  form  of  the  tube,  the  openings  in  its  sides,  or  its  extremities  ; 
the  power  of  the  vibrations,  and  the  manner  in  which  they  are 
excited,  are  the  causes  of  the  various  sounds  of  this  sort  of  instru- 
ments.— The  nature  of  the  matter  which  forms  the  sounds  has  no 
influence  but  upon  the  tone.  The  theory  of  these  instruments  is 
exactly  the  same  as  that  of  the  longitudinal  vibration  of  cards  *. 
When  the  physical  conditions  of  such  an  instrument  are  known, 
the  sound  that  it  will  produce  may-  be  determined  by  calculation  ; 
the  only  obscurity  in  the  theory  is  about  certain  points  relative  to 
their  openings  : that  is,  the  manner  in  which  the  vibrations  are 
produced  in  them.  There  is  no  evident  analogy  between  this  sort 
of  instrument  and  the  voice. 


Biot,  Traité  de  Pliysiqiic  Experimentale  et  Mathématique,  1.  ii.  c.  9. 
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The  reed  instruments  are  the  most  necessary  to  be  known,  for  Reed,  or  pipe 

instrument. 

the  organ  of  the  voice  is  of  this  kind  ; their  theory  is,  unfortunate- 
ly, much  more  imperfect  than  that  of  the  other  sort.  In  this  sort 
of  instruments,  the  clarinet,  hautboy,  bassoon,  voice,  organ,  &c.  we 
ought  to  distinguish  between  the  reed,  or  anche,  and  the  body  of 
their  tube  ; their  mechanism  is  essentially  different. 

A reed  is  always  formed  of  one,  and  sometimes  of  two  thin 
plates,  susceptible  of  a rapid  motion,  the  alternate  vibrations  of 
which  are  intended  to  intercept  and  permit,  by  turns,  the  passage 
of  a current  of  air  : for  this  reason  the  sounds  which  they  produce 
do  not  follow  the  same  laws  as  the  sounds  formed  by  elastic  plates 
with  one  end  fixed  and  the  other  free,  which  produce  sonorous  un- 
dulations in  the  open  air  : in  the  reed  instruments,  the  reed  alone  pro- 
duces and  modifies  the  sound.  If  the  plate  is  long  the  motions  are 
long,  slow,  and  consequently  the  sounds  are  grave  ; on  the  contrary, 
a short  plate  produces  acute  sounds,  because  the  alternations  of 
transmission,  and  interception,  of  the  current  of  air,  are  more  rapid. 

When  a number  of  different  sounds  are  intended  to  be  produced  The  tone  de- 

^ pends  on  the 

by  a reed,  it  is  necessary  to  vary  the  length  of  the  plate  : bassoon  re®*** 
and  clarinet  players  do  this  when  they  wish  to  produce  different 
sounds  on  the  same  instrument.  We  add,  as  an  important  circum- 
stance, that  the  greater  or  less  elevation  of  sound  produced  by  the 
instrument,  partly  depends  on  the  elasticity,  the  weight,  and  form, 
of  the  little  tongue,  or  plate,  and  on  the  force  of  the  current  of  air  ; 
if  all  these  elements  are  not  the  same,  the  length  being  invariable, 
the  tone  will  be  different  *. 

A reed  is  never  employed  alone  ; it  is  always  fitted  to  a tube  Tube  of  reed 
through  which  the  wind  passes  that  has  been  blown  into  the  reed, 
and  which  ought,  on  this  account,  to  be  open  at  the  two  extremi- 
ties. The  tube  has  no  influence  upon  the  tone  of  the  music,  it 
acts  only  upon  the  intensity,  the  timbre,  and  upon  the  power  of 
making  the  reed  speak.  Those  which  produce  the  loudest  sounds 
are  of  a conical  form,  increasing  in  width  towards  the  outer  end. 

If  the  cone  be  inverted  a dull  sound  is  produced  : but  if  two  equal 
cones  are  placed  base  to  base,  and  adapted  to  a conical  tube,  the 
sound  acquires  fulness  and  power.  Philosophers  do  not  explain 
these  modifications. 


'*  Biot,  loc.  cit. 
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Influence  of  A column  of  air  whicli  vibrates  in  a tube  is  capable  of  producing 
instruments.  Only  a Certain  number  of  determinate  sounds  ; in  consequence  of 
this,  a reeded  tube,  when  it  is  long,  transmits  only  with  ease  those 
sounds  for  which  it  is  adapted  ; it  is  also  necessary  to  put  the 
reed  previously  in  harmony  with  the  body  of  the  instrument  : there- 
fore, when  we  wish  to  produce  a succession  of  different  sounds 
from  the  same  tube,  we  must  not  only  modify  the  length  of  the 
plate,  but  we  must  also,  in  a corresponding  manner,  modify  the 
length  of  the  tube  ; and  for  this  purpose  are  pierced  the  holes  in 
the  sides  of  clarinets,  bassoons,  &c.  : in  stopping  or  opening  them 
Unison  of  the  the  tube  is  put  in  unison  with  the  reed.  Another  advantage 
reed.  arising  from  this  unison  is,  that  the  lips  applied  to  the  reed  can 

more  easily  produce  on  it  the  required  sound.  This  influence  of 
tube  is  very  considerable  in  narrow  instruments,  as  clarinets,  haut- 
boys ; it  is  such,  that  the  reed  could  hardly  produce  the  sound,  if 
the  tube  were  not  brought  to  the  same  tone.  In  very  large  tubes, 
as  organs,  the  reed  vibrates  nearly  the  same  as  in  the  open  air. 
In  other  respects  there  is  nothing  certain  known  of  the  movements 
that  take  place  in  the  air  contained  in  such  tubes,  when  they  trans- 
mit the  sounds  produced  by  the  reed.  We  have  seen  that  it  is 
quite  different  with  mouth  instruments. 

Apparatus  of  voice. 

As  the  passage  of  air  through  the  larynx  is  absolutely  necessary 
to  the  formation  of  voice,  the  organs  which  produce  it  ought  to  be 
considered  amongst  the  number  of  vocal  organs.  Many  other  parts 
which  assist  in  the  production  or  in  the  modification  of  voice,  are 
to  be  viewed  in  the  same  light  ; but,  as  we  speak  of  them  in  an- 
other place,  we  will  treat  here  only  of  the  larynx,  which  ought 
properly  to  be  considered  as  the  organ  of  voice. 

The  size  of  the  larynx  varies  according  to  age  and  sex  ; it  is 
placed  at  the  anterior  part  of  the  neck,  where  a small  projection  is 
seen,  between  the  tongue  and  windpipe.  It  is  small  in  children  and 
women,  greater  in  young  men,  and  still  larger  in  adult  age. 

The  larynx  not  only  produces  the  voice,  but  it  is  also  the  agent 
of  its  principal  modifications  : on  which  account,  a perfect  know- 
ledge of  the  anatomy  of  this  organ  is  indispensably  necessary  to  a 
perfect  knowledge  of  the  mechanism  of  voice.  By  not  having 
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followed  this  method,  we  have  had  hitherto  only  imperfect  or  false 
ideas  on  this  point.  As  we  cannot  enter  here  into  all  the  details 
of  the  structure  of  the  lai^nx,  we  shall  only  touch  upon  such  as  are 
most  necessary  to  be  known,  many  of  which  are  not  yet  well 
understood. 

Four  cartilages  and  three  fibre- cartilages  enter  into  the  compo- cartilages  of 
sition  of  the  larynx,  and  form  the  skeleton  of  it.  The  cartilages 
are  the  cricoid,  the  thyroid,  and  the  two  arytenoid.  The  thyroid 
joins  with  the  cricoid  by  the  extremity  of  its  two  inferior  horns. 

In  the  living  state  the  thyroid  is  fixed  with  respect  to  the  cricoid, 
which  is  contrary  to  what  is  generally  supposed.  Every  aryte- 
noid cartilage  is  articulated  with  the  cricoid  by  means  of  a surface, 
which  is  oblong,  and  concave  in  a transverse  direction.  The  cri- 
coid presents  a surface  which  is  similarly  disposed  to  that  of  the 
arytenoid,  with  this  difference,  that  it  is  convex  in  the  same  di- 
rection in  which  the  other  is  concave.  Round  the  articulation 
there  is  a synovial  capside,  firm  before  and  behind,  and  movable 
without  and  within.  Before  the  articulation  is  the  thyro-aryte- 
noid  ligament  ; behind  is  a strong  ligamentous  band  that  might  be 
called  crico- arytenoid,  on  account  of  the  manner  in  which  it  is 
fixed. 

Being  disposed  as  I have  described,  the  articulation  admits  only 
of  lateral  movements  of  the  arytenoid  upon  the  cricoid  cartilage  ; 
no  movement  forward  or  backward  can  take  place,  nor  yet  a cer- 
tain movement  upwards  and  downwards,  mentioned  in  anatomical 
books,  which  none  of  the  muscles  are  so  disposed  as  to  produce. 

This  articulation  ought  to  be  considered  as  a simple  lateral  gingly- 
mus.  The  fibro-cartilages  of  the  larynx  are  the  epiglottis  and  two  Fibro-ravti- 
small  bodies  that  are  found  above  the  top  of  the  arytenoid  cartilages,  larynx, 
and  that  have  been  called  by  Santorini,  capitida  cartilaginum  ary- 
taenoidearum.^ 

There  are  a great  many  muscles  attached  to  the  larynx  : these  Extemni 
muscles  are  called  external  ; they  are  intended  to  move  the  whole  tiie  larynx, 
organ,  either  by  carrying  it  upwards  or  downwards,  backwards  or 
forwards,  &c.  The  larynx  has  also  other  muscles,  whose  use  it  is 
to  give  a movement  to  the  different  parts  in  respect  of  each  other  ; 
these  muscles  have  been  called  internal  ; they  arc,  1st,  the  crico-  internal 
thyrouly  the  use  of  which  is  not;  as  has  hitherto  been  believed,  to  the  larynx, 
lower  the  thyroid  upon  the  cricoid,  but,  on  the  contrary,  to  raise  the 
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cricoid  towards  the  thyroid  cartilage,  or  in  making  it  pass  a little 
behind  its  inferior  edge  ; 2d,  the  muscles  crico-arytaenoideus  pos- 
terior, and  the  crico-arytaenoideus  lateralis,  the  use  of  which  is  to 
draw  outwards  the  arytenoid  cartilages,  and  separate  them  from 
one  another  ; 3d,  the  arytenoid  muscle,  which  draws  the  arytenoid 
cartilages  together  ; 4th,  x\\e  thyro-arytaenoideus,  a knowledge  of 
which  is  more  important  than  that  of  all  the  muscles  of  the  larynx, 
because  its  vibrations  produce  the  vocal  sound.  ^ This  muscle 
forms  the  lips  of  the  glottis,  and  the  inferior,  superior,  aud  lateral 
sides  of  the  ventricles  of  the  larynx  ; 5th,  the  muscles  of  the  epi- 
glottis, which  are,  lastly,  the  thyro-epiglottideus,  the  arytaeno-epi- 
glotlideus,  and  some  fibres  that  may  be  considered  as  the  vestige  of 
the  glosso-epiglottideus  muscle  that  exists  in  some  animals,  whose 
contraction  has  an  influence  upon  the  position  of  the  epiglottis. 

The  larynx  is  covered  within  by  a mucous  membrane.  This 
membrane,  in  passing  from  the  epiglottis  to  the  arytenoid  and 
thyroid  cartilages,  forms  two  folds,  called  lateral  ligaments  of  the 
epiglottis  : they  concur  in  the  formation  of  the  superior  and  infe- 
rior ligaments  of  the  glottis. 

In  the  substance  of  the  epiglottis,  and  behind  it,  are  found  a 
great  number  of  mucous  follicles,  and  some  mucous  glands  ; within 
the  mass  of  the  ligaments  of  the  epiglottis  there  exists  a collection 
of  those  bodies  that  have  been  very  improperly  called  arytenoid 
glands. 

Between  the  epiglottis  behind,  and  the  os  hyoides  and  thyroid 
cartilage  before,  there  is  seen  a considerable  quantity  of  the  adipose 
cellular  tissue  which  is  very  elastic,  and  similar  to  that  which  exists 
near  certain  articulations.  There  has  been  no  use  assigned  to  this 
body  : I believe  it  serves  to  facilitate  the  frequent  movements  of 
the  thyroid  cartilage,  upon  the  posterior  aspect  of  the  os  hyoides  ; 
and  to  keep  the  epiglottis  separated  from  the  upper  part  of  this 
bone,  whilst,  at  the  same  time,  it  provides  it  with  a very  elastic 
support,  favourable  to  the  action  of  Û\e  Jibro-cartilages  in  the  pro- 
duction of  the  voice,  or  in  deglutition. 

The  vessels  of  the  larynx  present  nothing  remarkable.  It  is  not 
so  with  the  nerves  of  this  organ  : their  distribution  merits  a care- 
ful examination.  There  are  four  of  these  nerves  ; the  superior 
laryngeal,  and  the  inferior. 

The  recurrent  nerve  is  distributed  to  the  posterior  crico-aryte- 
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noid,  to  the  lateral  crico-arytenoid,  and  thyro-arytenoid  ; — none 
of  the  ramifications  of  this  nerve  go  to  the  arytenoid,  or  to  the 
crico-thyroid  muscles.  On  the  contrary,  the  superior  nerve  of 
the  larynx  goes  to  the  arytenoid  muscle,  which  it  provides  with 
a considerable  branch  ; and  to  the  crico-thyroid,  to  which  it  gives 
a small  filament,  more  remarkable  for  the  distance  it  proceeds  than 
for  its  size.  In  certain  cases  this  filament  does  not  exist  : the 
external  branch  of  the  nerve  of  the  larynx  is  then  of  a larger  size. 

The  remainder  of  the  filaments  of  the  laryngeal  nerves  are  distri- 
buted to  the  epiglottis,  and  to  the  mucous  membrane  which  covers 
the  entrance  of  the  larynx  : this  part  possesses  an  extraordinary 
sensibility. 

The  interval  which  separates  the  thyro-arytenoid  muscles  and  of  the  glottis, 
the  arytenoid  cartilages  is  called  glottis.  In  the  dead  body  the 
glottis  presents  the  appearance  of  a longitudinal  slit  of  about  eight 
or  ten  lines  long,  and  two  or  three  wide  ; it  is  wider  behind  than 
before  ; here  the  two  sides  meet  at  the  point  of  their  insertion  into 
the  thyroid  cartilage.  The  posterior  extremity  of  the  glottis  is 
formed  by  the  arytenoid  muscles. 

If  the  arytenoid  cartilages  are  brought  together  so  as  to  touch  Ligaments  of 
on  their  internal  faces,  the  glottis  is  diminished  nearly  a third  of 
its  length  ; it  then  presents  a slit  which  is  from  five  to  six  lines  long, 
and  from  half  a line  to  a line  broad.  The  sides  of  this  slit  are 
called  the  lips  of  the  glottis.  They  present  a sharp  edge  turned 
upward  and  inward  ; they  are  essentially  formed  by  the  aryte- 
noid muscle,  and  by  the  ligament  of  the  same  name,  which  as  an 
aponeurosis  covers  the  muscle,  to  which  it  adheres  strongly,  and 
which,  being  itself  covered  by  the  mucous  membrane,  forms  the 
thinnest  parts  or  edge  of  the  lip.  These  lips  of  the  glottis  vibrate 
in  the  production  of  the  voice  ; they  might  be  called  the  human 
reed.  Above  the  inferior  ligaments  of  the  glottis  are  the  ventT-icles  ^ 
of  the  larynx,  the  cavity  of  which  is  larger  than  it  seems  at  first 
sight  ; the  superior,  inferior,  and  external  sides  of  it  are  formed  by 
the  thyro-arytenoid  muscle,  turned  upon  itself;  the  extremity 
or  anterior  side,  is  formed  by  the  thyroid  cartilage.  By  means  of 
these  ventricles,  the  lips  of  the  glottis  are  completely  isolated  upon 
their  upper  side. 

Above  the  opening  of  the  ventricles  we  see  two  bodies,  which,  Superior  liga- 
in  their  manner  of  being  disposed,  have  a great  deal  of  analogy 
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with  the  vocal  chords,  and  which  form  a sort  of  second  glottis  above 
the  first  ; these  bodies  are  called  the  superior  ligaments  of  the 
glottis.  They  are  formed  by  the  superior  edge  of  the  thyro-aryte- 
noid  muscle,  a little  adipose  cellular  tissue,  and  the  mucous  mem- 
brane of  the  larynx,  which  covers  them  before  penetrating  into  the 
ventricles.  These  observations  are  easily  made  upon  the  larynx 
of  dead  bodies.^  I do  not  believe  that  the  glottis  of  a living  person 
has  ever  been  examined  ; at  least  to  ray  knowledge,  there  has  been 
nothing  written  on  this  subject  ; but  when  those  of  animals,  as  of 
dogs,  are  examined,  they  contract  and  enlarge  alternately  ; the 
^ arytenoid  cartilages  are  directed  outwards  when  the  air  penetrates 
into  the  lungs,  and  in  the  instant  when  the  air  passes  out  they 
come  close  together. 


Mechanism  of  the  production  of  voice. 
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Experiments 
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If  we  take  the  trachea  and  the  larynx  of  an  animal,  or  of  a man, 
and  blow  air  strongly  into  the  trachea,  directing  it  towards  the 
larynx,  there  is  no  sound  produced,  but  only  a slight  noise  result- 
ing from  the  pressure  of  the  air  against  the  sides  of  the  larynx. 
If,  in  blowing,  we  bring  together  the  arytenoid  cartilages,  so  that 
they  may  touch  upon  their  internal  face,  a sound  will  be  produced, 
something  like  the  voice  of  the  animal  to  which  the  larynx  used 
in  the  experiment  belongs. 

The  sound  will  be  dull  or  sharp  according  as  the  cartilages  are 
pressed  more  or  less  forcibly  together  : its  intensity  will  be  more 
or  less,  according  to  the  intensity  of  the  air.  It  is  easily  seen,  in 
this  experiment,  that  the  sound  is  produced  by  the  vibrations  of 
the  inferior  ligament  of  the  glottis. 

Both  man  and  animals  are  deprived  of  voice  by  making  an 
opening  below  the  larynx  : the  voice  is  reproduced  if  the  opening 
be  closed  mechanically.  I know  a person  who  has  been  in  this 
situation  for  four  years  ; he  cannot  speak  without  pressing  a cravat 
strongly  against  a fistulous  opening  in  the  larynx.  The  same 
thing  takes  place  when  the  larynx  is  opened  below  the  inferior 
ligaments  of  the  glottis. 

But  if  a wound  exists  above  the  glottis  ; if  the  epiglottis  and 
its  muscles  are  affected  ; if  the  superior  ligament  of  the  glottis. 
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even  if  the  superior  aspect  of  the  arytenoid  cartilages  are  injured, 
the  voice  continues. 

Lastly,  the  glottis  of  an  animal  being  laid  bare  in  the  instant 
that  it  cries,  shows  very  well  that  voice  is  produced  by  the  vibra- 
tions of  the  vocal  chords  *.  This,  I think,  is  enough  to  prove,  be- 
yond all  doubt,  that  the  voice  is  formed  in  the  glottis  by  the  mo- 
tion of  its  inferior  ligaments. 

This  fact  being  established,  is  it  possible,  on  physical  principles, 
to  account  for  the  formation  of  voice  ? I will  here  give  the  explana- 
tion which  appears  to  me  the  most  probable.  The  air  being  pressed 
from  the  lungs,  proceeds  in  a pipe  of  considerable  size  ; this  pipe 
very  soon  becomes  contracted,  and  the  air  is  forced  to  pass  through 
a narrow  slit,  the  two  sides  of  which  are  vibrating  plates,  which 
permit  and  intercept  the  air,  like  the  plates  of  a reed  instrument, 
and  which  ought  in  the  same  manner,  by  these  alternations,  to 
prodijice  sonorous  undulations  in  the  transmitted  current  of  air. 

But  in  blowing  into  the  trachea  of  a dead  body,  why  does  it 

arytenoid 
muscles  ne- 

palsied  state  of  the  internal  muscles  of  this  organ  followed  by  the  cessary  to 
loss  of  voice  ? why,  in  a word,  is  an  act  of  the  will  necessary 
to  produce  the  vocal  sound  ? The  answer  to  this  is  not  difficult. 

The  ligaments  of  the  glottis  have  not  the  faculty  of  vibrating  like 
the  plates  of  reeds,  except  the  thyro-arytenoid  muscles  are  con- 
tracted ; and  therefore,  in  every  case  in  which  the  muscles  are  not 
contracted,  voice  will  not  be  produced. 

Experiments  performed  on  animals  are  perfectly  in  unison  with  Experiments 
, . , . . . , , 1 . , voice. 

this  doctrine.  Divide  the  two  recurrent  nerves,  winch,  as  we 
formerly  said,  are  distributed  to  the  thyro-arytenoid  muscles,  and 
the  voice  will  cease.  If  only  one  is  cut,  the  voice  will  be  only 
half  lost. 

I have  seen,  however,  a number  of  animals,  in  which  the  two 
recurrent  nerves  had  been  cut,  cry  very  loud  when  they  suffered 
severe  pain.  These  sounds  were  very  similar  to  the  sounds  that 
would  be  produced  mechanically  with  the  larynx  of  the  animal 
when  dead,  by  blowing  into  the  trachea,  and  bringing  together  the 
arytenoid  cartilages  : this  phenomenon  is  easily  understood  by 
the  distribution  of  the  nerves  of  the  larynx.  The  recurrents  being 


not  produce  a sound  like  that  of  the  human  voice  ? why  is  the 


* A name  given  by  Ferrein  to  ttic  lips  of  the  glottis. 
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cut,  the  thyro-arytenoid  muscles  do  not  contract,  and  thence  re* 
suits  aphonia,  or  the  loss  of  voice  ; but  the  arytenoid  muscle, 
which  receives  its  nerves  from  the  superior  laryngeal,  contracts, 
and  brings  together,  in  the  instant  of  a strong  expii’ation,  the  aryte- 
noid cartilages,  and  the  slit  of  the  glottis  becomes  sufficiently  nar- 
row for  the  air  to  throw  the  thyro-arytenoid  muscles,  though 
they  are  not  contracted,  into  vibration. 

Intensity  or  volume  of  voice. 

The  intensity  of  voice,  like  that  of  all  other  sounds,  depends 
upon  the  extent  of  the  vibrations. 

The  vibrations  of  the  vocal  chords  will  be  in  proportion  to  the 
force  with  which  the  air  is  expelled  from  the  chest  ; and  the 
longer  the  chords  are,  that  is,  the  more  voluminous  the  larynx  is, 
the  more  considerable  will  be  the  extent  of  these  vibrations.  A 
strong  person,  with  a large  chest,  and  a larynx  of  large  dimen- 
sions, presents  the  most  advantageous  condition  for  the  intensity 
of  voice.  If  such  a person  becomes  sick,  his  voice,  on  account 
of  his  weakness,  loses  much  of  its  intensity,  because  it  is  no 
longer  expelled  with  the  same  force  from  the  chest. 

Children,  women,  and  eunuchs,  whose  larynx  is  proportionally 
less  than  that  of  a man  in  adult  age,  have  also  much  less  intensity 
of  voice. 

In  the  ordinary  production  of  voice,  it  results  from  the  si- 
multaneous motions  of  the  two  sides  of  the  glottis  ; were  one  of 
these  sides  to  lose  the  faculty  of  causing  the  air  to  vibrate,  the 
voice  would  lose  necessarily  half  its  intensity,  the  force  of  expira- 
tion being  the  same.  This  may  be  proved  in  cutting  one  of  the 
recurrent  nerves  of  a dog,  or  in  paying  attention  to  the  voice  of  a 
person  who  has  a complete  attack  of  hemiplegia. 

Timbre,  or  tone  of  voice. 

Every  individual  has  a particular  tone  of  voice  by  which  he  is 
known  ; there  is  also  a particular  tone  which  belongs  to  the  diffe- 
rent sexes  and  ages.  The  tone  of  the  voice  presents  an  infinite 
number  of  modifications  ; upon  what  circumstances  do  these  de- 
pend ? This  is  unknown.  The  feminine  tone,  however,  which  is 
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found  in  children  and  eunuchs,  generally  agrees  with  the  state  of 
the  cartilages  of  the  larynx.  On  the  contrary,  the  masculine 
tone  which  women  sometimes  possess,  appears  to  be  connected 
with  the  state  of  these  cartilages,  and  particularly  with  that  of  the  • 
thyroid.  Timbre,  or  tone,  is  a modification  of  sound,  of  which 
philosophers  have  by  no  means  given  an  exact  explanation. 

OJ~  the  extent  of  voice. 

The  sounds  which  the  human  larynx  is  capable  of  producing  Extent  of 
are  very  numerous.  Many  celebrated  authors  have  endeavoured 
to  explain  the  manner  of  their  formation  ; but  they  have  rather 
given  us  comparisons  than  explanations.  Thus  Ferrein  supposed 
that  the  ligaments  of  the  glottis  were  chords,  and  so  he  explained 
the  different  tones  of  voice  by  the  different  degrees  of  tension 
of  which  he  thought  them  susceptible  ; others  have  compared  the 
larynx  to  a wind  instrument,  to  the  lips  of  a horn  hlovoer,  to  the 
lips  of  a person  who  whistles. 

These  explanations  are  badly  founded,  for  they  rest  only  on  a 
superficial  consideration  of  the  larynx  in  the  dead  body,  whereas 
they  ought  to  have  been  supported  by  the  study  of  the  larynx,  and 
by  an  attentive  examination  of  that  organ  in  a living  state  : I have 
endeavoured  to  supply  what  was  wanting  in  this  respect  ; the  re- 
sult of  my  studies  I here  present. 

I laid  bare  the  glottis  of  a noisy  dog,  by  cutting  between  the  Experiments 
thyroid  cartilage  and  the  os  hyoides,  and  I saw  that  when  the 
sounds  are  grave,  the  ligaments  of  the  glottis  vibrate  in  their 
whole  length,  and  that  the  expired  air  passes  out  in  the  whole 
length  of  the  glottis. 

In  acute  sounds,  the  ligaments  do  not  vibrate  in  their  anterior 
part,  but  only  in  the  posterior,  and  the  air  passes  only  in  the  part 
which  vibrates  : the  opening  is  therefore  diminished.  Lastly, 
when  the  sounds  are  veiy  acute,  the  ligaments  present  vibrations 
at  their  arytenoid  extremity  only,  and  the  expired  air  passes  only 
by  this  portion  of  the  glottis.  It  appears  that  the  extreme  limit  of 
acuteness  in  sounds  happens  when  the  glottis  closes  entirely,  and 
air  can  no  longer  pass  through  the  larynx. 

The  use  of  the  arytenoid  muscle  being  principally  to  close  the 
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glottis  in  its  posterior  extremity,  it  ought  to  be  the  principal  agent 
in  the  production  of  acute  sounds.  Wishing  to  discover  what 
effect  the  section  of  the  two  laryngeal  nerves  would  have  upon  the 
voice,  as  they  give  motion  to  this  muscle,  I found  that  the  voice 
of  an  animal  loses  almost  all  its  acute  sounds  ; it  acquires  besides 
a constant  gravity  which  it  had  not  formerly. 

The  analogy  of  the  structure  of  the  larynx  in  man  and  in  the 
dog,  is  too  strongly  marked  to  leave  any  doubt  that  the  same 
phenomena  happen  in  both.  One  circumstance  ought  to  have  a 
great  mfluence  upon  the  tones  of  the  voice,  and  this  is  the  con- 
traction of  the  arytenoid  muscles.  The  more  forcibly  these 
muscles  contract,  and  the  more  their  elasticity  increases,  they  will 
be  the  more  susceptible  of  vibrating  rapidly,  and  producing  acute 
sounds  ; in  proportio  nas  they  are  less  contracted  the  sounds  will 
be  graver. 

Approximote  We  may  also  suppose  that  the  contraction  of  these  muscles  has 

of  thTtone"  a powerful  influence  in  closing  the  glottis,  particularly  in  its  ante- 
rior half.  It  therefore  appears  evident  that  the  larynx  represents 
a reed  with  a double  plate,  the  tones  of  which  are  so  much  more 
acute  as  the  plates  are  shortened,  and  grave  in  proportion  as  they 
are  long.  But  though  this  analogy  may  be  just,  we  must  not 
conclude  that  there  is  a complete  identity. 

In  fact,  the  ordinary  reeds  are  composed  of  rectangular  plates, 
fixed  at  one  side,  and  free  on  the  three  others  ; whilst  the  vibrat- 
ing plates  of  the  larynx,  which  are  also  nearly  rectangular,  are 
fixed  on  three  sides,  and  free  only  on  one.  Besides,  the  tones  of 
ordinary  reeds  are  raised  or  sunk  by  varying  their  length  : In  the 
plates  of  the  larynx,  it  is  the  breadth  which  varies.  In  a word, 
there  have  never  been  employed  in  musical  instruments  any  reeds 
whose  movable  plates  could  vary  every  instant  in  thickness  and 
elasticity,  like  the  ligaments  of  the  glottis  ; so  that  we  may  easily 
see  that  the  larynx  can  produce  voice,  and  vary  its  tones,  like 
reeds,  but  we  cannot  assign  with  rigor  all  the  particular  modes  of 
its  action. 

' It  has  been  hitherto  believed  that  the  tube  which  carries  the 

air  to  the  reed,  or  the  porte~vent,  has  no  influence  upon  the  nature 
of  the  sound  produced.  M.  Biot  gives  an  observation  of  M. 
Grenié,  which  proves  the  centrary.  It  is  not,  then,  impossible 
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tliat  the  elongation  or  shortening  of  the  trachea,  which  performs 
the  office  of  forte-vent  to  the  larynx,  may  have  an  influence  upon 
the  production  of  voice,  and  its  different  tones. 

We  have  examined  the  reed  of  the  organ  of  voice  ; we  shall 
now  consider  the  tube  that  the  vocal  sound  traverses  after  having 
been  produced.  In  proceeding  from  below  upwards,  tbe  tube  is 
composed,  1st,  of  the  interval  between  the  epiglottis  before,  its 
lateral  ligaments  upon  the  sides,  and  of  the  posterior  side  of  the 
pharynx  ; 2dly,  of  the  pharynx  behind  and  laterally,  and  of  the 
most  posterior  part  of  the  base  of  the  tongue  before  ; 3dly,  some- 
times of  the  mouth,  and  sometimes  of  the  nasal  cavities  ; at  other 
times,  of  these  two  cavities  together. 

This  tube,  capable  of  being  prolonged  or'  shortened,  of  being- 
made  wider  or  narrower,  being  susceptible  of  assuming  an  infinite 
variety  of  forms,  ought  to  be  very  capable  of  performing  all  the 
functions  of  the  body  of  a reed  instrument  ; that  is,  to  be  capable 
of  harmonizing  with  the  larynx,  and  of  thus  favouring  the  produc- 
tion of  the  numerous  tones  of  which  the  voice  is  susceptible  ; of 
increasing  the  intensity  of  the  vocal  sound,  by  taking  a conical 
form,  with  the  base  outwards  ; of  giving  a roundness  and  agree- 
ableness to  the  sound,  by  suitably  disposing  its  exterior  opening,  or 
by  almost  entirely  shutting  it,  &c. 

Until  the  influence  of  the  tube  of  reed  instruments  has  been 
determined  with  precision,  it  is  evident  that  we  can  form  only 
probable  conjectures  respecting  the  influence  of  the  tube  of  the 
organ  of  voice.-  In  this  respect,  we  can  make  only  a small  num- 
ber of  observations,  which  relate  particularly  to  the  most  apparent 
phenomena. 

A.  The  larynx  is  raised  in  the  production  of  acute  sounds  ; it 
is  lowered,  on  tbe  contrary,  in  the  formation  of  those  that  are 
grave  ; consequently  the  vocal  tube  is  shortened  in  the  first  case, 
and  lengthened  in  the  second. 

We  suppose  that  a short  tube  is  more  favourable  to  the  trans- 
mission of  acute  sounds,  whilst  a long  one  is  more  so  for  those 
that  are  grave.  The  tube  changes  its  length  at  the  same  time 
that  it  changes  its  breadth  ; and  this  is  remarkable,  as  we  liave 
seen  above  that  the  breadth  of  the  tube  has  a great  influence  upon 
its  facility  of  transmitting  sounds. 


Uses  of  the 
vocal  tube. 


Shortening 
of  the  vocal 
tube. 
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Lengthening 
of  the  vocal 
tube. 


Use  of  the 
ventricles  of 
the  larynx. 


Use  of  the 
epiglottis. 


When  the  larynx  descends,  that  is,  when  the  vocal  tube  is  pro- 
longed, the  thyroid  cartilage  descends,  and  removes  from  the  os 
hyoides  the  whole  height  of  the  thyro-hyoid  membrane.  By  this 
separation  the  gland  of  the  epiglottis  is  carried  forward,  and 
places  itself  in  the  cavity  of  the  posterior  aspect  of  the  os  hyoides  ; 
this  gland  draws  after  it  the  epiglottis  : from  this  results  a consi- 
derable enlargement  of  the  inferior  part  of  the  vocal  tube. 

The  contrary  phenomenon  happens  when  the  larynx  is  raised. 
The  thyroid  cartilage  then  rises,  and  becomes  engaged  behind  the 
os  hyoides  *,  by  displacing  and  pushing  backward  the  epiglottid 
gland  ; this  pushes  the  epiglottis,  and  the  vocal  tube  is  much  con- 
tracted. By  imitating  the  motion  upon  the  dead  body,  we  may 
easily  ascertain  that  the  narrowing  may  proceed  to  five-sixths  of 
the  breadth  of  the  tube.  Now,  we  adapt  a large  tube  to  a reed 
for  the  purpose  of  producing  grave  sounds  ; on  the  contrary,  it  is 
a narrow  tube  which  is  generally  employed  for  the  purpose  of 
transmitting  acute  sounds.  We  can  then,  to  a certain  degree, 
account  for  the  utility  of  the  changes  of  breadth  which  take  place 
in  the  inferior  part  of  the  vocal  tube. 

B.  The  presence  of  the  ventricles  of  the  larynx  immediately 
above  the  inferior  ligaments  of  the  glottis,  appears  intended  to 
insulate  those  ligaments,  so  that  they  may  vibrate  freely  in  the 
jmssing  air.  When  foreign  bodies  enter  the  ventricles,  or  when  a 
false  membrane,  or  mucosities,  are  formed,  the  voice  is  generally 
extinguished,  or  much  weakened. 

C.  From  its  form,  its  position,  its  elasticity;  from  the  motions 
which  its  muscles  impress  upon  it,  the  epiglottis  appears  to  belong 
essentially  to  the  apparatus  of  voice  ; but  what  are  its  uses  ? We 
have  already  seen  that  it  contributes  powerfully  to  the  narrowing 
of  the  vocal  tube  ; it  may  be  supposed  that  it  has  a more  import- 
ant function. 

M.  Grenié,  who  has  just  discovered  so  ingenious  and  useful  a 
modification  of  the  reed,  did  not  arrive  all  at  once  at  the  result 
which  he  at  last  attained  ; he  succeeded  by  a series  of  interme- 


* The  thyro-hyoid  muscles  appear  more  particularly  destined  to  produce 
tlie  motion  by  which  the  thyroid  cartilage  passes  behind  the  os  hyoides. 
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diate  efl’ects  ; at  a certain  period  of  his  labour,  he  wished  to  aug- 
ment the  intensity  of  sound,  without  changing  any  thing  in  the 
reed.  To  succeed,  he  was  obliged  gradually  to  augment  the  force 
of  the  current  of  air  ; but  this  augmentation,  in  rendering  the 
sounds  strong,  caused  them  to  rise.  To  prevent  this  inconvenience, 

M.  Grenié  found  no  better  means  than  to  place  obliquely  in  the 
tube,  immediately  under  the  reed,  a supple  elastic  tongue,  nearly 
such  as  we  see  the  epiglottis  above  the  glottis  ; whence  we  may 
suppose  that  the  epiglottis  gives  man  the  faculty  of  increasing  the 
vocal  sound,  without  allowing  it  to  rise. 

D.  The  vocal  tube  has  visibly  an  influence  upon  the  intensity  influence  of 

n -I  • rr>l  • ll-ll- 

of  the  voice.  Ihe  most  intense  sounds  which  the  voice  can  pro- the  intensity 
duce  cause  the  mouth  to  be  opened  very  wide,  the  tongue  to  be 
drawn  a little  back,  and  the  velum  of  the  palate  to  be  raised  into  a 
horizontal  position,  and  to  become  elastic,  closing  all  communica- 
tion with  the  nostrils. 

In  this  case  the  pharynx  and  the  mouth  evidently  perform  the 
office  of  a speahing  trumpet,  that  is  to  say,  they  represent  very 
exactly  a tube  voith  a reed,  which  increases  in  wideness  outwards, 
the  effect  of  which  is  to  augment  the  intensity  of  the  sound  pro- 
duced by  the  reed.  If  the  mouth  is  in  part  closed,  the  lips  car- 
ried forward  and  turned  towards  each  other,  the  sound  will  acquire 
rotundity  and  an  agreeable  expression  ; but  it  will  lose  part  of  its 
intensity  : this  result  is  easily  explained  after  what  we  have  said 
of  the  influence  of  the  form  of  tubes  in  reed  instruments. 

For  the  same  reasons,  whenever  the  vocal  sound  passes  into 
the  nose,  it  will  become  dull  ; for  the  form  of  the  cavities  of  the 
nose  is  well  fitted  for  diminishing  the  intensity  of  sounds.  If  the 
mouth  and  nose  are  shut  at  the  same  time,  no  sound  can  be  pro- 
duced. 

E.  We  have  seen,  in  considering  the  production  of  voice,  that  influence  of 
a great  number  of  modifications  relative  to  expression  (timbre),  expression  of 
arise  from  changes  of  the  thickness,  and  of  the  elasticity,  of  the  lips 
of  the  glottis.  The  tube  may  produce  a number  of  others,  according 
to  its  different  degrees  of  length  or  breadth  ; according  to  its  form, 
the  contraction  of  the  pharynx,  the  position  of  the  tongue,  or  of  the 
velum  of  the  palate  ; according  as  the  sound  passes  wholly  or  in 
part  through  the  mouth,  or  the  nose,  or  both  together  ; according 
to  the  individual  disposition  of  the  mouth  or  nose  ; the  existence 
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or  non-existence  of  teeth  ; the  size  of  the  tongue,  &c.  ; the  expres- 
sion of  the  voice  is  continually  modified  according  to  all  these  cir- 
cumstances. For  example,  whenever  sound  traverses  the  nasal 
cavities,  it  becomes  disagreeably  nasal. 

Influence  of  Those  persons  are  mistaken,  who  think  tliat  the  intensity  of 

the  nasal  cavi-  ^ 

voi-e*””  vocal  sound  may  be  augmented  by  repercussion,  in  passing  through 
the  nasal  cavities  ; these  cavities  produce  quite  a contrary  effect. 
Whenever  the  voice  is  introduced  into  them,  from  whatever  cause, 
it  becomes  dull. 

F.  Besides  the  numerous  modifications  which  the  tube  of  the 
vocal  organ  causes  in  the  intensity  and  expression  of  the  voice,  in 
alternately  permitting  or  intercepting  its  production,  there  is  ano- 
ther very  important  kind  of  modification  induced  by  it.  By  means 
of  this  the  vocal  sound  is  divided  into  very  small  portions,  each 
possessing  a distinct  character,  because  each  of  them  is  produced 
by  a distinct  motion  of  the  tube.  This  sort  of  influence  of  the  vo- 
cal tube  is  called  the  faculty  of  articulating,  which  presents,  be- 
sides, an  infinite  variety  of  individual  differences  suitable  to  the 
peculiar  organization  of  the  vocal  tube. 

We  have  hitherto  treated  of  the  human  voice  in  a general 
manner  ; we  now  proceed  to  speak  of  its  principal  modifications  ; 
namely,  the  cry,  or  native  voice  ; voice  properly  so  called,  or  ac- 
quired voice  ; speech,  or  articulate  voice  ; singing,  or  appreciable 
voice. 


Of  the  cry,  or  native  voice. 

Of  the  cry.  The  ci'y  is  a sound  which  cannot  be  appreciated;  it  is,  like  all 
those  sounds  produced  by  the  larynx,  susceptible  of  variation  in 
tone,  intensity,  and  expression.  The  cry  is  easily  distinguished 
from  all  other  vocal  sounds  ; but  as  its  character  depends  upon 
the  expression,  it  is  impossible  to  account  physically  for  the  dif- 
ference between  it  and  the  latter.  Whatever  is  the  condition  of 
man,  or  whatever  his  age,  he  is  capable  of  crying.  The  new  born 
child,  the  idiot,  the  person  deaf  from  birth,  the  savage,  the  civi- 
lized, the  decrepit  old  man,  all  are  capable  of  producing  cries. 
We  ought,  then,  to  consider  the  cry  as  particularly  attached  to 
organization  ; indeed  we  may  be  convinced  of  this  by  examining 
its  uses. 
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By  the  cry,  we  fexpress  vivid  sensations,  whether  they  proceed  use  of  cry. 
from  without  or  within  ; whether  they  are  agreeable  or  painful  : — 
there  are  cries  of  pleasure  and  of  pain.  By  the  cry  we  express 
our  most  simple  instinctive  wants,  the  natural  passions.  There  is 
a cry  of  fury,  another  of  fear,  &c. 

The  social  wants  and  passions,  not  being  an  indispensable  con- 
sequence of  organization,  and  the  state  of  civilization  being  neces- 
sary for  their  development,  they  have  no  peculiar  cry.  The  cry 
comprehends,  generally,  the  most  intense  sounds  that  the  organ  of 
voice  can  produce  ; its  expression  has  often  something  in  it  which 
offends  the  ear,  and  it  has  a strong  action  upon  those  who  are 
near  it. 

By  means  of  the  cry,  important  relations  are  established  among 
mankind.  The  cry  of  joy  inclines  to  joy  ; the  cry  of  pain  excites 
pity  ; the  cry  produced  by  terror  causes  fear,  even  in  those  at  a 
distance,  &c.  This  sort  of  language  is  found  in  most  animals  ; it 
is  alnaost  the  only  language  which  has  been  given  them  j the  song 
of  birds  ought  to  be  considered  as  a modification  of  their  cry. 

Of  acquired  voice,  or  voice  properly  so  called. 

In  the  usual  state  of  man,  that  is,  when  he  lives  in  society,  and 
when  he  is  possessed  of  the  faculty  of  hearing,  he  knows,  from 
earliest  youth,  that  mankind  utter  sounds  which  are  not  cries  ; he 
very  soon  finds  that  he  can  produce  the  same  sort  of  sounds  with 
his  larynx,  and  immediately,  what  is  called  acquired  voice,  is  de- 
veloped in  him,  by  the  effect  of  imitation,  and  the  advantages  he 
derives  from  it.  A deaf  child  cannot  make  any  remark  with  re- 
gard to  sound,  and  therefore  he  never  acquires  it.  There  seems 
to  be  no  difference  between  the  voice  and  the  cry,  except  in  inten- 
sity and  expression,  for  it  is  likewise  formed  of  inappreciable  sounds, 
or  of  sounds  whose  intervals  are  not  exactly  distinguished  by  the 
ear. 

Since  the  voice  is  the  consequence  of  hearing,  and  of  an  intel-  of  acquired 
lectual  process,  it  cannot  be  developed  if  those  circumstances  by 
which  it  is  produced  do  not  exist.  In  fact,  children  born  deaf, 
who  have  never  had  any  idea  of  sound  ; idiots,  that  establish  no 
relation  between  the  sounds  which  they  hear,  and  those  which  their 
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larynx  can  produce,  have  no  voice,  though  tlte  vocal  apparatus  of 
both  may  be  fit  to  form  and  modify  sounds  as  well  as  that  of  indi- 
viduals perfectly  formed. 

For  the  same  reason,  those  whom  we  improperly  term  savages, 
because  they  have  been  found  wandering  in  forests  since  their  in- 
fancy, can  have  no  voice  ; the  understanding  not  being  developed 
in  a solitary  state,  but  only  in  social  life. 

The  expression  (timbre),  the  intensity,  the  tone  of  the  voice, 
are  susceptible  of  numerous  modifications  on  the  part  of  the  larynx  : 
the  vocal  tube  also  exerts  a powerful  influence  upon  the  voice  ; 
speech,  and  singing,  are  only  modifications  of  the  social  voice. 

It  is  difficult,  perhaps  impossible,  to  say  how  man  has  been 
enabled  to  represent  his  intellectual  acts  by  modifications  of  the 
voice,  how  he  has  been  able  to  compose  languages,  and,  above  all, 
how  he  could  compose  the  alphabet.  This  knowledge  would  be, 
without  doubt,  curious  and  useful,  but  it  is  not  indispensable,  and 
besides  it  does  not  belong  to  physiology  ; the  mechanism  of  lan- 
guage alone  is  what  we  have  to  explain. 

A language  is  composed  of  words,  and  words  are  the  signs  of 
ideas  ; but  words  themselves  are  formed  by  the  letters,  or  the 
sounds  of  the  alphabet,  which  are,  generally,  modifications  of  the 
voice. 

The  letters  are  divided  by  grammarians  into  vowels  and  conso- 
nants ; this  is  not  a suitable  distinction  for  physiologists. 

Letters  ought  to  be  divided  into  those  that  are  real  modifica- 
tions of  the  voice,  and  into  those  that  may  be  formed  independently 
of  the  voice. 

The  letters  which  belong  to  the  voice  are,  for  European  lan- 
guages, a very  open,  as  in  hall,  English  ; a,  in  hale,  French  ; a,  é,  è, 
and  e mute,  French  ; i,  o,  open,  Italian  ; o,  eu,  u,  French  ; u,  Ita- 
lian. Each  of  these  letters  may  suffer  two  modifications,  which 
are  expressed  by  saymg  they  are  long  or  short  : these  are  the 
vowels  of  grammarians.  The  other  vocal  letters  are  b and  p,  labial 
consonants  ; d and  t,  dental  consonants  ; I,  palatine  consonant  ; g 
and  k,  guttural  consonants  ; m and  n,  nasal  consonants. 

The  formation  of  the  vowels  causing  the  vocal  tube  to  be  open, 
depends,  therefore,  upon  the  form  which  tliis  takes,  during  the  time 
that  the  voice  is  uttered.*  The  vocal  consonants  suppose  that  the 
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tube  is  shut,  and  they  result  from  the  manner  in  which  the  tube  is 
opened  in  the  instant  when  voice  is  formed  : the  production  of 
these  last  letters  is  then  instantaneous. 

Tlie  other  letters  are  f and  v,  the  two  sounds  of  the  th,  English  ; 

5 and  z,  ch,j,  r,  h,  and  x,  Spanish  ; or  Greek. 

The  character  of  these  letters  is  that  of  their  being  produced  by 
the  friction  of  the  air  against  the  sides  of  the  mouth,  and  by  being 
consequently  independent  of  the  vocal  sound,  and  the  capability  of 
being  prolonged  whilst  air  continues  to  pass  from  the  lungs. 

Every  letter,  vowel,  or  consonant,  is  produced  by  a particular 
disposition  or  motion  of  the  vocal  tube  ; but  for  one  sort  the 
tongue  is  the  principal  agent  of  formation  : for  another  it  is  the 
teeth  ; others  again  are  formed  by  the  lips  ; whilst,  for  the  produc- 
tion of  others,  the  air  must  traverse  the  nasal  cavities. 

Pronunciation  requires,  therefore,  a proper  conformation  of  the 
vocal  tube.  Should  it  be  impaired,  should  there  be  any  perforation  in 
the  palàte,  any  loss  of  teeth,  should  the  tongue  be  swelled  or  para- 
lyzed, &c.  the  power  of  articulation  is  altered,  and  may  even  be- 
come impossible. 

The  noise  alone  produced  by  air  in  traversing  the  mouth,  is  suf-  Low  voice, 
ficient  for  pronunciation  ; as  it  happens  when  we  speak  very  low. 

Persons  who  have  completely  lost  their  voice,  pronounce  still  with 
sufficient  distinctness  to  be  heard  at  a certain  distance.® 

By  combining  letters  differently,  and  in  various  numbers,  we 
form  compound  sounds,  which  are  words. — The  formation  of 
words  is  different  according  to  different  languages.  In  those  of 
the  north,  the  consonants  are  numerous  ; but  this  is  not  the  rea- 
son of  their  being  disagreeable  to  the  ear,  and  difficult  to  pro- 
nounce. Vowels  are  more  numerous  in  the  languages  of  the  south, 
and  these  are  generally  soft  and  harmonious. 

It  is  not  a sound  always  the  same  which  serves  as  a base  for  of  accent. 
I pronunciation  ; articulate  voice  rises,  falls,  changes  in  intensity  and 
(j  expression,  in  a different  manner,  according  to  each  language. 

[ The  mode  of  these  changes  constitutes  accent,  or  the  pronuncia- 
tion  peculiar  to  each  country. 

f To  articulate,  to  pronounce,  is  not  to  speak.  A bird  pronounces 
words,  and  even  phrases,  but  it  does  not  speak.  Man  alone  is  en- 
ij  dowed  with  speech,  which  is  the  most  powerful  means  of  expres- 
; sion  possessed  by  the  understanding  ; he  alone  attaches  a mean- 
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ing  to  the  words  that  he  pronounces,  and  to  the  arrangement  that 
he  gives  them  : and,  had  he  no  intelligence,  he  would  have  no 
speech.  The  greater  part  of  idiots  cannot  speak  ; they  articulate 
sounds  vaguely,  which  neither  have,  nor  can  have,  any  signification. 

Of  singing. 

The  voice  of  song  differs  from  the  other  sounds  produced  by  the 
larynx,  insomuch  as  it  is  formed  of  appreciable  sounds,  the  in- 
tervals of  which  are  easily  distinguished  by  the  ear,  and  which  can 
be  put  in  unison.  These  characters  do  not  exist,  either  in  the  cry, 
or  in  the  voice  of  speech,  the  sounds  of  which  are  not  appreciable. 
Dodart  advanced  that,  in  singing,  the  larynx,  balanced  between  op- 
posing muscles,  undergoes  a sort  of  libration  alternately  upwards 
and  downwards  ; but  this  assertion  is  not  confirmed  by  experience. 
In  singing,  it  is  probable  that  the  ligaments  of  the  glottis  take  a 
particular  disposition  which  fits  them  for  the  production  of  appreci- 
able sounds.  We  remark  very  important  individual  differences, 
with  regard  to  extent,  intensity,  expression,  &c.  in  singing. 

Extent  of  the  An  Ordinary  voice  has  about  nine  tones  between  the  gravest  and 

TOicemsmg-  most  acute  sound  ; the  most  extensive  voice  hardly  passes  two 
octaves,  in  sounds  which  are  distinct  and  full. 

There  are  two  sorts  of  voices,  grave  and  acute  ; the  difference 
between  them  is  about  an  octave. 

Grave  voices.  Grave  voices  generally  belong  to  full  gi'own  men  ; however,  those 
who  have  the  gravest  voices  can  form  acute  sounds  by  shrilling,  or 
falsetto. 

Acute  voices.  Acute  voices  are  those  of  women,  children,  and  eunuchs. 

By  adding  all  the  tones  of  an  acute,  to  those  of  a grave  voice, 
they  make  about  three  octaves.  It  does  not  appear  that  ever  any 
individual  had  a voice  so  extensive  as  this  in  pure  and  agreeable 
sounds. 

Musicians  establish  other  distinctions  in  base  voices  ; as  high 
counter,  tenor,  hase,  &c. 

Different  sorts  But  the  differences  which  exist  between  different  sorts  of  voices  do 

of  \ Dices.  not  all  depend  on  extent.  There  are  strong  voices,  whose  sounds  are 

strong  and  noisy  ; soft  voices,  whose  sounds  are  soft  and  sweet  ; 
fine  voices,  whose  sounds  are  full  and  harmonious  : there  are  voices 
that  are  just,  others  that  are  false  ; there  are  some  flexible  and 
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light,  others  hard  and  heavy.  Some  have  their  fine  sounds  irre- 
gularly distributed  ; some  in  the  hase,  others  in  the  treble,  some  in 
the  medium  Singing,  the  same  as  voice  and  speech,  belongs  to 
the  state  of  society  ; it  supposes  the  existence  of  hearing  and  in- 
tellect. It  is  generally  employed  to  paint  the  instinctive  wants, 
the  passions,  the  different  states  of  the  mind.  Joy,  sorrow,  love 
happy  or  unfortunate,  produces  different  sorts  of  singing. 

Singing  may  be  articulate.  Then,  in  place  of  simply  expressing  of  articulate 
feelings,  it  becomes  a means  of  expression  of  most  of  the  acts  of 
the  mind,  but  particularly  of  those  that  are  connected  with  the 
social  passions. 

Declamation  is  a particular  species  of  singing;  only  the  intervals  ofdeclama- 
of  the  tones  are  not  harmonic,  and  the  tones  themselves  are  not 
completely  appreciable.  Declamation  appears  to  have  differed 
much  less  from  singing  amongst  the  ancients,  than  with  the  mo- 
derns; perhaps  it  had  some  analogy  with  what  we  call  recitative  in 
our  operas.  The  southern  languages  being  very  much  accentuated, 
that  is,  varying  greatly  in  their  tone,  in  simple  pronunciation,  are 
very  jDroper  for  being  sung. 

All  the  modifications  of  voice,  which  we  have  iust  studied,  are  voicebyin- 

1 1 I 1 • r T7  • spiration. 

produced  when  the  air  passes  from  the  chest — Voice  may  also  be 
produced  in  the  instant  the  air  traverses  the  larynx  to  pass  into 
the  trachea  ; but  this  voice  by  inspiration  is  hoarse,  unequal,  and  of 
small  extent  ; any  variations  in  its  tones  are  produced  with  difficul- 
ty ; indeed  even  by  the  characters  of  the  phenomenon,  we  may 
suppose  that  it  does  not  pass  according  to  the  ordinary  laws  of  the 
economy.  We  can  also  speak  and  sing  during  inspiration.  The 
modifications  which  the  lips  of  the  glottis  suffer,  during  the  pro- 
duction of  voice  by  inspiration,  are  not  known. 

Art  of  ventriloquists,^^ 

Since  man  may  thus  vary  almost  to  infinity,  the  appreciable,  and 
inappreciable  sounds  of  liis  voice,  as  he  may  change  in  a thousand 
different  ways  according  to  his  will  its  intensity,  expression, 

&c.  ; nothing  is  more  easy  for  him  than  to  imitate  the  different 


• J.  J.  Rousseau,  Dictionnaire  de  Musique. 
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sounds  he  liears  : this  in  fact  he  performs  in  many  circumstances. 
Many  persons  imitate  perfectly  the  voice  and  pronunciation  of 
others  ; actors  for  example.  Hunters  imitate  the  différent  cries  of 
game,  and  thus  succeed  in  decoying  it  into  their  nets. 

This  faculty  possessed  by  man  of  imitating  the  different  sounds 
he  hears  has  given  rise  to  an  art  ; but  the  persons  who  exercise 
this  art,  and  who  are  called  ventriloquists,  have  no  organization 
different  from  that  of  other  men  ; they  require  only  to  have  the 
organs  of  voice  and  speech  very  perfect,  in  order  that  they  may 
readily  produce  the  necessary  sounds. 

The  basis  of  this  art  is  easily  understood.  We  have  found  in- 
stinctively in  the  course  of  experience,  that  sounds  are  changed  by 
many  causes  : for  example,  that  they  become  feeble,  less  distinct, 
and  that  their  expression  changes,  according  as  they  are  more  dis- 
tant from  us  ; a man  who  is  at  the  bottom  of  a well  wishes  to  speak 
to  persons  who  are  at  the  top  ; but  his  voice  will  not  reach  their  ears 
until  it  has  received  certain  modifications,  which  depend  upon  the 
distance  and  the  form  of  the  tube  through  which  it  passes. 

If  a person  remark  these  modifications  with  care,  and  endeavour 
to  imitate  them,  he  will  produce  acoustic  illusions,  which  would 
be  equally  deceiving  to  the  ear  as  the  observation  of  objects  through 
a magnifying  glass  is  to  the  eye.  The  error  will  be  complete  if 
he  employ  those  deceptions  which  are  necessary  to  distract  the  at- 
tention. 

These  illusions  will  be  numerous  in  propoi'tion  to  the  talents 
of  the  performer  ; but  we  must  not  imagine  that  a ventriloquist  * 
produces  vocal  sounds,  and  articulates,  differently  fi'om  other  peo- 
ple. His  voice  is  formed  in  the  ordinary  manner  ; only  he  is  cap- 
able of  modifying,  according  to  his  pleasure,  the  volume,  the  ex- 
pression, &c.,  of  it  ; and  with  regard  to  the  words  that  he  pro- 
nounces without  moving  his  lips,  he  takes  care  to  choose  those 
into  which  no  labial  consonants  enter,  otherwise  he  would  be  ob- 
liged to  move  his  lips.  This  art  is,  in  certain  respects,  to  the  ear, 
what  painting  is  to  the  eye. 


• The  words  Ventriloquism,  Engastriniulhism,  and  others  which  have  the 
same  signification,  may  have  been  employed  in  the  infancy  of  the  art,  but 
ought  not  now  to  be  admitted  into  scientific  language. 
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Modifications  of  voice  by  age. 

The  larynx  is  in  proportion  very  small  in  the  fetus  and  the  new-  „ev 

born  infant  ; its  small  volume  forms  a contrast  with  that  of  the  os  infants, 

hyoides,  with  the  tongue  and  other  organs  of  deglutition^  which 
are  already  much  developed.  Besides,  it  is  round,  and  the  thy- 
roid cartilage  forms  no  projection  in  the  neck. 

The  lips  of  the  glottis,  the  ventricles,  the  superior  ligaments, 
are  very  short  in  proportion  to  what  they  become  afterwards  : for 
the  thyroid  cartilage  not  being  much  developed,  they  consequently 
occupy  a small  space.  The  cartilages  are  flexible,  and  have  not 
nearly  the  solidity  which  they  possess  afterwards. 

The  larynx  preserves  these  characters  almost  till  puberty;  ^t 
this  period  a general  revolution  takes  place  in  the  economy.  The 
development  of  the  genital  organs  determines  a sudden  increase 
in  the  nutrition  of  many  of  the  organs,  of  which  that  of  voice  is 
one. 

The  greatest  activity  of  nutrition  is  first  remarked  in  the  mus- 
cles ; afterwards,  but  more  slowly,  it  is  seen  in  the  cartilages  : the 
general  form  of  the  larynx  is  then  modified  : the  thyroid  carti- 
lage becomes  developed  in  its  anterior  part  ; it  forms  a projection 
in  the  neck,  but  greater  in  the  male  than  in  the  female.  From  this 
circumstance  results  a considerable  prolongation  of  the  lips  of  the 
glottis,  or  thyro-arytenoid  muscles  ; and  this  phenomenon  is  much 
more  worthy  of  remark  than  the  general  increase  of  the  glottis 
which  happens  at  the  same  time. 

Though  these  changes  in  the  larynx  are  rapid,  they  do  not  hap- 
pen all  at  once  ; sometimes  it  is  six  or  eight  months  before  they 
are  completed. 

After  puberty,  the  larynx  does  not  suffer  any  other  remarkable  Larynx  in 
, . ; ; , . . P , , . , the  adult. 

changes  ; its  volume  and  the  projection  ot  the  thyroid  cartilage 
continue  to  increase,  and  become  more  strongly  marked.  The 
cartilages  become  partially  ossified  in  manhood. 

In  old  age  the  ossification  of  the  cartilages  continues,  and  be- 
comes almost  complete  ; the  epiglottid  gland  diminishes  considera- 
bly, and  the  internal  muscles',  but  those  particularly  that  form  the 
lips  of  the  glottis,  diminish  in  volume,  assume  a colour  less  deep, 
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Vagihis  or  cry 
of  children. 


Voice  and 
speech  of 
children. 


and  lose  their  elasticity  ; in  a word,  they  take  the  same  modifica- 
tions as  the  muscular  system  in  general. 

The  production  of  voice,  as  it  supposes  the  passage  of  air  to  and 
from  the  lungs  to  take  place,  cannot  exist  in  the  fetus,  plunged  as 
it  is  in  the  liquor  amnii  ; but  the  child  is  capable  of  producing 
very  acute  sounds  at  the  instant  of  birth. 

Vagitus  is  the  name  that  is  given  to  the  voice,  or  cry  of  chil- 
dren, by  which  they  express  their  wants  and  feelings.  We  must 
recollect  that  this  is  the  object  of  the  cry. 

Towards  the  end  of  the  first  year,  the  child  begins  to  form 
sounds  that  are  easily  distinguished  from  the  vagitus.  These 
sounds,  at  first  vague  and  irregular,  very  soon  become  more  dis- 
tinct and  connected  ; nurses  then  begin  to  make  them  pronounce 
the  most  simple  words,  and  afterwards  those  that  are  more  com- 
plicated. 

The  pronunciation  of  children  has  very  little  resemblance  to 
tliat  of  adults  ; but  there  is  also  a great  difference  between  them. 
In  children,  the  teeth  have  not  yet  quitted  their  alveoli  ; the 
tongue  is  comparatively  very  large  ; when  the  lips  are  closed  they 
are  larger  than  is  necessary  for  covering  anteriorly  the  gums  ; the 
nasal  cavities  are  not  much  developed,  he. 

Children  advance  only  by  degrees,  and  in  proportion  as  their 
organs  of  pronunciation  approach  those  of  the  adult,  to  articulate 
exactly  the  different  combination  of  letters.  They  are  not  capa- 
ble of  forming  appreciable  sounds,  or  of  singing,  until  long  after 
they  have  acquired  the  faculty  of  speech.  This  sort  of  sound  is 
the  voice  properly  so  called,  or  acquired  : they  could  not  exist  in 
the  child  were  it  deaf.  They  ought  not  to  be  considered  as  a 
modification  of  the  vagitus. 

Until  the  period  of  puberty,  the  larynx  remains  proportionably 
very  small^  as  well  as  the  lips  of  the  glottis  : the  voice  is  also  com- 
posed entirely  of  acute  sounds.  It  is  physically  impossible  that 
the  larynx  should  produce  grave  ones. 

At  puberty,  particularly  in  males,  the  voice  undergoes  a re- 
markable modification  : it  acquires  in  a few  days,  often  all  at  once, 
a gravity,  and  a dull  or  deaf  expression,  that  it  was  far  from  having 
before. 

It  sinks  in  general  about  an  octave.  The  voice  of  a young 
man  is  said  to  moult,  according  to  the  common  expression.  In 
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certain  cases  the  voice  is  almost  entirely  lost  for  some  weeks  ; it 
ft'equently  contracts  a marked  hoarseness.  Sometimes  it  hap- 
pens  that  the  young  man  produces  involuntarily  a very  acute 
sound  when  he  wishes  to  produce  a grave  one  : it  is  then 
scarcely  possible  for  him  to  produce  appreciable  sounds,  or  to  sing 
true. 

This  state  of  things  continues  sometimes  nearly  a year,  after 
which  the  voice  becomes  more  clear,  and  remains  so  during  life  : 
but  some  individuals  lose  entirely,  during  the  moulting  of  the 
voice,  the  faculty  of  singing  ; others,  who  have  a fine  and  ex- 
tensive voice  before  this  moulting^  have  afterwards  only  a very 
ordinary  one. 

The  gravity  that  the  voice  acquires  depends  evidently  upon  the 
development  of  the  larynx,  and  particularly  on  the  prolongation  of 
the  lips  of  the  glottis.  As  these  parts  cannot  stretch  backward, 
they  come  forward  : it  is  also  at  this  time  that  the  larynx  pro- 
jects in  the  neck,  and  the  pomiim  Adami  appears.  In  the  female, 
the  lips  of  the  glottis  do  not  present  at  puberty  this  increase  in 
breadth  ; the  voice  also  generally  remains  acute. 

The  voice  generally  preserves  the  same  characters  until  after 
adult  age;  at  least  the  modifications  that  it  undergoes  in  the  inter- 
val, are  but  inconsiderable,  and  affect  principally  the  expression 
and  volume.  Towards  the  beginning  of  old  age,  the  voice  changes 
anew,  its  expression  alters,  and  its  extent  diminishes  : singing  is 
more  difficult,  the  sounds  become  noisy,  and  their  production  pain- 
ful and  fatiguing.  The  organs  of  pronunciation  being  changed 
by  the  effect  of  age,  the  teeth  become  shorter,  and  frequently  be- 
ing lost,  the  pronunciation  is  sensibly  changed.  All  these  pheno- 
mena are  more  noted  in  confirmed  old  age.  The  voice  is  weak, 
shaken,  and  broken  ; singing  has  the  same  characters,  which  de- 
pend on  impaired  muscular  contraction.  Speech  also  undergoes 
remarkable  modifications  ; the  slowness  of  the  motions  of  the 
tongue,  the  want  of  the  teeth,  the  lips  proportionally  longer,  &c., 
necessary  influence  the  pronunciation. 

Relations  oj hearing  and  voice. 

We  have  already  given  an  account  of  the  relation  between 
voice  and  hearing  ; it  is  such,  that  a child  born  deaf  is  neces- 
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sarily  dumb  also  ; that  a person  who  has  a false  ear,  has  conse» 
quently  a false  voice  ; that  a person  who  hears  badly  is  inclined  to 
speak  high,  &c. 

We  ought  not  to  believe,  however,  that  the  larynx  of  persons 
born  deaf  is  incapable  of  producing  voice  ; we  have  already  said 
that  it  produces  the  cry.  By  different  methods  we  succeed  in 
causing  it  to  generate  voice;  even  persons  deaf  and  dumb  from 
birth  have  been  brought  to  speak,  so  as  to  sustain  a conversation  : 
but  their  voice  is  hoarse,  dull,  unequal  : different  inflections  take 
place  very  unequally,  and  without  any  motive. 

I do  not  think  that  a person  born  deaf  and  dumb  has  ever  been 
brought  to  learn  to  sing. 

There  are  examples  of  persons  who  have  acquired  hearing  at 
an  age  when  they  could  give  an  account  of  their  sensations  ; in  all 
of  them  the  voice  was  developed  a short  time  after  they  could  hear 
with  facility. 

Spon-taneous  The  Mémoires  de  V Academie  des  Sciences,  of  the  year  1703, 

recovery  of  ... 

deaf  and  present  an  example  of  this  kind,  which  happened  to  a young  man 

at  Chartres,  twenty-four  years  old,  “ who,  to  the  great  astonish- 
ment of  all  the  town,  began  speaking  all  of  a sudden.  He  explained, 
that,  three  or  four  months  before,  he  had  heard  the  sound  of  bells, 
and  had  been  very  much  surprised  with  this  new  and  unknown 
sensation  : there  was  afterwards  a sort  of  water  that  passed  out  of 
his  left  ear,  and  he  heard  perfectly  with  both  ears.  He  continued 
for  those  three  or  four  months  hearing,  without  saying  any  thing 
of  it,  repeating  to  himself  the  words  that  he  heard,  exercising  him- 
self in  pronunciation,  and  in  the  ideas  attached  to  words.  At  last 
he  thought  himself  in  a state  to  break  silence,  and  he  maintained 
that  he  could  speak,  though  it  was  still  but  very  imperfectly.  Im- 
mediately he  was  interrogated  by  able  theologians,”  &c. 

It  is  unfortunate  for  science  that  this  young  man  was  not  ob- 
served by  physicians  : his  history  might  have  been  more  interest- 
ing. 

A fact  of  the  same  kind  happened  at  Paris  some  years  since. 
A young  person,  deaf  and  dumb  from  birth,  about  fifteen  years  of 
age,  was  cured  of  his  deafness  by  Doctor  Itard,  by  means  of  in- 
jections thrown  into  the  tympanum  through  an  opening  made  in 
the  membrana  tympani.  The  young  man  heard  first  the  sound  of 
the  neighbouring  bells  ; at  that  instant  he  felt  a very  lively  emo- 
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tion  ; he  had  even  headach,  vertigo,  and  dizziness.  The  next 
day  he  heard  the  sound  of  the  small  bell  in  the  room;  twenty  days 
afterwards  he  could  hear  the  voice  of  persons  speaking.  He  was 
then  extremely  delighted,  nor  could  he  be  satisfied  with  hearing 
people  speak.  “ His  eyes,”  says  Professor  Percy,  “ seemed  to 
search  for  the  words  even  on  our  lips.”  His  voice  was  soon  de- 
veloped. He  formed  only  vague  sounds  at  first  ; some  time  after- 
wards he  could  stutter  some  words,  but  he  pronounced  them  im- 
perfectly, in  the  manner  of  children.  It  was  some  time  before  he 
could  pronounce  compound  words,  and  those  containing  a number 
of  consonants.  They  caused  him  to  hear  a hurdy-gurdy  (vieille 
organisée),  without  preparing  him  for  it;  he  was  then  observed 
to  tremble,  turn  pale,  and  seemed  on  the  point  of  falling  into  a 
syncope  ; he  next  shewed  all  the  transports  occasioned  by  a lively 
and  unknown  pleasure  ; his  cheeks  became  red,  his  eyes  sparkling, 
his  respiration  hasty,  and  his  pulse  rapid,  indicating  a sort  of  de- 
lirium, an  intoxication  of  happiness. 

There  would  have  been,  no  doubt,  many  other  surprising  phe- 
nomena seen  in  this  young  man,  if  a disease  had  not  suddenly 
carried  him  away  from  the  medical  philosophers  who  obser  ved 
him. 


Of  sounds  independent  of  the  voice. 

Independent  of  the  voice,  man  can  produce  at  pleasure  a great  Sounds  which 
number  of  sounds,  inappreciable,  and  even  appreciable,  such  as  the  ed^b^the™ 
noise  of  spitting  or  blowing  one’s  nose  ; that  by  which  we  call  a 
horse  ; that  which  is  like  the  sound  of  drawing  a cork  : such  also 
as  the  whistling  through  the  teeth  or  the  lips,  whether  it  is  formed 
by  inspiration  or  expiration  ; and  a great  many  other  noises  which 
result  from  the  motion  of  the  diflferent  parts  of  the  mouth,  and 
from  the  manner  in  which  the  air  enters  and  leaves  it. 

It  is  not  easy  to  account  for  the  mechanism  of  the  production 
of  these  different  sounds,  particularly  those  that  are  appreciable, 
as  in  the  action  of  whistling  ; we  have  nothing  on  this  point  but 
approximations. 
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Mechanical  principles  necessary  for  understanding  motion  and 

attitude. 

a.  A body  is  in  motion  when  its  parts  occupy  different  portions 
of  space  in  succession. 

b.  Every  case  of  motion  is  denominated  force. 

c-  Several  forces  may  be  applied  to  a body,  without  producing 
motion,  if  their  effects  mutually  destroy  each  other.  Equilibrium 
is  then  said  to  take  place. 

d.  When  two  forces  applied,  in  a contrary  direction,  to  the 
same  point,  or  to  the  extremities  of  a right  line,  produce  an  equi- 
librium, these  two  forces  are  equal. 

e.  A force  A,  is  double  a force  B,  if  the  former  can  be  consi- 
dered as  the  sum  of  two  forces  each  equal  to  B. 

f.  Two  forces  will  be  to  each  other  in  the  ratio  of  two  numbers, 
as,  for  example,  of  7 to  5,  if  they  can  be  considered  as  the  sum, 
the  first  of  7 forces,  the  second  of  5 forces,  all  equal  to  each  other, 
taken  singly. 

The  relation  of  forces  thus  being  capable  of  being  estimated  by 
number  or  magnitude,  it  may  be  subjected  either  to  calculation 
or  to  geometrical  construction.  When  a material  point  is  urged 
by  several  forces,  none  of  which  are  in  equilibrium,  if  becomes 
moved  in  a certain  direction.  It  is  conceived  that  this  movement 
might  have  taken  place  from  the  application  of  a single  force.  This 
force,  then,  which  might  have  supplied  the  place  of  all  the  others, 
is  named  the  resulting  force  ; and  these,  considered  in  relation  to 
the  resulting  force,  are  named  its  constituents. 

g.  In  order  that  a system  of  bodies  remain  in  equilibrium,  it  is 
necessary  that  each  destroy  the  effect  of  all  the  others;  conse- 
quently, that  it  be  equal  and  directly  opposite  to  the  resulting- 
force  of  all  the  others. 

h.  If  all  the  forces  are  directed  according  to  the  same  right  line, 
their  resulting  force  will  be  directed  in  the  same  line,  and  equal 
to  their  sum,  if  they  act  all  on  the  same  side.  If  they  act  on 
opposite  sides,  it  will  be  equal  to  the  difference  between  the  sum 
of  the  forces  acting  on  the  one  side,  and  the  sum  of  the  forces  act- 
ing on  the  other  ; and  it  acts  in  the  direction  of  the  largest  sum. 
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i.  According  to  the  known  property  of  three  lines,  if  the  direc- 
tion of  two  forces,  P and  Q,  and  their  resulting  force  R,  be  given, 
w'e  can  easily  discover  the  relation  of  these  two  forces  : they  will 
be  to  each  other  as  the  sides  of  a parallelogram,  constructed  by 
drawing  from  any  point  whatever  of  tlie  resulting  direction,  two 
parallels  to  the  direction  of  the  other  forces. 

Moreover,  if  we  have  given  the  value  of  the  resulting  force,  we 
shall  also  have  that  of  the  constituents,  since  the  relation  of  each 
of  these  forces  to  the  resulting  force,  is  known  by  the  means  just 
indicated. 

Tc.  The  resulting  force  of  a given  number  of  parallel  forces  en- 
joys a remarkable  property.  In  whatever  manner  the  direction  of 
the  forces  is  varied,  provided  they  remain  parallel  among  them- 
selves, and  their  points  of  application  unchanged,  that  of  the  re- 
sulting force  will  be  always  the  same  ; for  the  direction  of  the  re- 
sulting force  depends  simply  upon  the  relation  of  these  forces,  and 
their  points  of  application. 

l.  If  the  body  to  which  the  forces  are  applied,  is  not  freely  sus- 
pended in  space,  but  subjected  to  revolution  around  a fixed  point, 
we  may  be  sure  that,  for  its  equilibrium,  the  resulting  force  arising 
from  all  the  others  passes  through  that  point  : since,  in  that  case, 
its  action  being  exerted  against  an  invincible  point,  will  remain  ne- 
cessarily without  effect. 

m.  If  the  body  subjected  to  the  action  of  several  forces,  is  liable 
to  revolve  around  a right  line  or  axis,  it  will  be  sufficient  for  the 
preservation  of  equilibrium,  that  the  resulting  force  passes  along 
the  axis,  which  nullifies  its  effect. 

n.  Gravity  acts  upon  each  of  thé  molecules  of  matter,  and 
urges  them  in  directions,  parallel  as  to  sense  ; we  may  therefore 
apply  to  these  forces,  what  we  have  said  of  the  whole  system  of 
parallel  forces  in  general,  that  their  resulting  force  will  always  pass 
through  the  same  point,  in  whatever  manner  the  direction  of  the  Centre  of 

. . 1 1 • 1 . gravity. 

force  IS  varied  ; namely,  with  respect  to  the  present  instance,  m 
whatev'er  manner  we  incline  the  body,  v.'ith  regard  to  the  vertical 
line,  which  is  the  constant  direction  of  gravity.  This  single  point 
of  application  of  the  resulting  force  of  all  the  parallel  gravitations, 
is  what  is  named  the  centre  of  gravity. 

0.  In  order  that  a body  subjected  to  the  action  of  gravity  alone 
may  remain  in  equilibrium,  it  is  necessary  that  the  vertical  line 
4 
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passing  through  the  centre  of  gravity,  fall  in  with  the  point  of  sup- 
port, or  of  suspension. 

p.  If  the  body  rest  upon  a horizontal  plane,  it  is  necessary  that 
the  direction  of  the  resulting  force  fall  upon  the  space  comj^rised 
between  the  points,  by  which  it  touches  the  plane  ; the  space  thus 
circumscribed  is  named  “ the  base  of  support'’  The  larger  that 
space  shall  be,  all  things  besides  being  equal,  the  equilibrium  will 
be  the  more  secure. 

q.  The  equilibrium  will  be  steady,  when  the  body,  being  but 
infinitely  little  deranged  from  its  position,  tends  to  return  to  it  by 
a series  of  oscillations.  It  will  be  instantaneous,  if  from  the  mo- 
ment that  the  body  is  displaced  from  its  position,  it  tends  to  re- 
cede from  it  more  and  more,  till  it  has  found  another  équilibrions 
position. 

r.  The  equilibrium  will  be  steady,  when  the  centre  of  gravity  is 
the  lowest  possible  : since  every  change  can  only  make  it  ascend, 
contrary  to  the  natural  tendency  it  has  to  descend.  Equilibrium 
will  be  instantaneous,  when  the  centre  of  gravity  is  the  highest 
possible  ; since  every  change  being  only  capable  of  causing  it  to 
descend,  will  be  favoured  by  its  previous  tendency. 

s.  Of  two  hollow  columns  formed  of  an  equal  quantity  of  the 
same  matter,  and  of  the  same  height,  that  possessing  the  largest 
cavity  will  be  the  strongest. 

t.  Of  two  columns  of  the  same  diameter,  but  of  different  heights, 
the  highest  will  be  the  weakest. 

V.  The  greatest  uieight  which  a spring  affected  with  small 
flexions  can  support,  is  proportional  to  the  square  of  the  number 
of  flexions  plus  one  : So  that  if  the  spring  presents  three  curva- 
tures, it  will  support  a weight  sixteen  times  greater  than  if  it 
had  only  been  ajfected  by  one  flexion  *. 

OF  LEVERS. 

The  definition  of  a lever  is  an  inflexible  line,  which  turns  upon 
a fixed  point. 


* I have  borrowed  almost  this  whole  article  from  M.  Roulin,  Journil  de 
Physiologie,  I,  II. 
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We  distinguish  in  a lever  the  point  of  support,  the  point  where 
the  power  acts,  the  point  of  resistance,  or  simply  the  point  of 
support,  the  power,  and  resistance. 

According  to  the  respective  positions  of  the  point  of  support,  of 
the  power,  and  the  resistance,  the  lever  is  said  to  he  of  the  first, 
second,  or  third  kind. 

In  the  lever  of  the  first  kind,  the  point  of  support  is  between  Lever  of  the 

, . , ...  . first  kitic*. 

the  resistance  and  the  power  ; the  resistance  is  at  one  extremity 
and  the  power  at  the  other. 

The  lever  of  the  second  kind  is  that  in  which  the  resistance  is  Second  kind, 
between  the  power  and  the  point  of  support,  and  in  which  the 
N points  of  support  and  the  power  each  occupy  an  extremity. 

Lastly,  in  the  lever  of  the  third  kind,  the  power  is  between  the 
resistance  and  the  point  of  support;  while  the  resistance  and  the 
point  of  support  are  at  the  extremities. 

We  distinguish  also  in  a lever  the  arm  of  the  power,  and  that  a™s  of  the 
of  the  resistance.  The  first  comprehends  that  part  of  the  lever 
which  extends  between  the  point  of  support  and  the  power  ; the 
second  is  that  portion  of  the  lever  that  extends  from  the  point  of 
support  to  the  resistance. 

When,  in  the  lever  of  the  first  kind,  the  point  of  support  is 
exactly  in  the  middle,  the  lever  is  said  to  have  its  arms  equal  ; 
when  the  point  of  support  is  nearer  the  power,  or  the  resistance, 
we  say  that  the  arms  of  the  lever  are  unequal. 

The  length  of  the  arm  of  the  lever  gives  more  or  less  advantage 
to  the  power,  or  to  the  resistance.  If,  for  example,  the  arm  of 
the  power  is  longer  than  that  of  the  resistance,  the  advantage  is 
for  the  power,  in  the  proportion  of  the  length  of  its  arm  to  that  of 
the  arm  of  resistance  ; in  such  a manner,  that  if  the  first  of  these 
arms  be  double  or  treble  the  length  of  the  second,  it  will  be  suffi- 
cient for  the  power  to  be  half,  or  a third  part  as  great  as  the  re- 
sistance, for  the  two  forces  to  be  equal. 

In  the  lever  of  the  second  sort,  the  arm  of  the  power  is  neces- 
sarily longer  than  that  of  the  resistance,  since  it  is  between  the 
power  and  the  point  of  support,  whilst  the  power  is  at  one  extre- 
mity. This  kind  of  lever  is  always  advantageous  for  the  power. 

The  contrary  takes  place  with  the  lever  of  the  third  sort  ; be- 
cause in  this  lever  the  power  is  placed  between  the  resistance  and 
the  point  of  support,  whilst  the  resistance  is  at  an  extremity. 
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The  lever  of  the  first  kind  is  most  favourable  for  an  equilibrium  ; 
the  lever  of  the  second  sort  is  most  favourable  for  overcoming  re- 
sistance ; and  that  of  the  third  kind  is  most  favourable  to  exten- 
sive and  rapid  motions. 

The  direction  in  w'hich  the  power  is  inserted  into  the  lever  is 
of  importance  to  be  remarked.  The  effect  of  the  power  is  so 
much  more  considerable  as  its  direction  approaches  towards  a per- 
pendicular to  that  of  the  lever.  When  this  last  condition  is  com- 
plete, the  whole  of  the  force  is  employed  in  surmounting  the  re- 
sistance ; whilst,  in  oblique  directions,  a part  of  this  force  tends  to 
move  the  lever  in  its  proper  direction,  and  this  portion  of  the 
power  is  destroyed  by  the  resistance  of  the  point  of  support. 

Moving  ‘power. 

We  call  inertia  that  general  property  of  bodies,  by  virtue  of 
which  they  continue  in  their  state  of  motion  or  repose,  whilst  they 
are  not  acted  upon  by  any  foreign  cause. 

The  power  which  produces  motion  must  be  measured  by  the 
quantity  of  motion  produced.  This  quantity  is  estimated  in  mul- 
tiplying the  mass  by  the  acquired  velocity. 

This  velocity  may  be  acquired  in  two  different  ways  : by  the 
continued  action  of  a power,  as  that  of  gravity  ; or  by  the  effect 
of  a power  which  produces  instantaneously  a given  velocity. 

We  may  easily  conclude  from  what  has  been  said,  that  every 
effort  exerted  upon  a body  at  liberty  will  produce  motion.  The 
direction  of  this  motion,  the  velocity  acquired,  and  the  space  pass- 
ed by  the  body,  will  depend  on  its  mass,  or  on  the  effort  exerted 
upon  it,  and  upon  the  causes  which  act  upon  it  during  its  motion. 

Thus  a body  projected  by  the  hand  acquires  instantaneously  a 
velocity  so  much  greater  as  the  effort  is  greater,  and  the  mass 
less  : the  constant  action  of  gravity  modifies  this  velocity,  and  the 
direction  of  the  motion,  which  ceases  when  the  body  falls  to  the 
ground.  Motion  is  also  lessened  by  the  resistance  of  the  air,  the 
force  of  which  increases  with  the  velocity  of  the  body,  with  the 
extent  of  the  surface  which  is  continually  opposed  to  the  air,  and 
with  the  specific  lightness  of  the  body. 

An  inorganic  body  cannot  of  itself  change  the  state  in  which  it 
exists.  When  motionless,  it  persists  in  a state  of  repose,  till 
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some  new  force  be  applied  to  it.  Set  in  motion  by  the  imme- 
diate action  of  some  new  force,  it  persists  in  the  state  of  uniform 
rectilineal  motion,  till  a new  force  come  to  destroy  or  modify  the 
effect  of  the  first. 

The  motion  is  named  equable,  or  uniform,  in  which  the  mobile  Equable 
body  always  passes  through  equal  spaces  m equal  times.  It  is 
accelerated  ivhen  the  spaces  run  through  become  larger  and  larger;  Acceleration, 
and  retarded  when  they  become  smaller  and  smaller,  in  equal 
times. 

According  to  what  we  have  stated  above,  it  is  evident  that 
accelerated  or  retarded  motion  requires  at  each  instant  the  appli- 
cation of  new  forces. 

In  uniform  motion,  the  space  passed  through  in  a given  time  Velocity, 
may  be  greater  or  less,  in  proportion  to  the  intensity  of  the  force 
which  has  been  applied.  This  relation  of  time  to  the  space  passed 
through  by  the  moving  body,  constitutes  and  determines  what  is 
named  its  velocity. 

If  in  the  same  time  that  a body  A passes  through  a space  of 
three  yards,  another  body  B passes  through  a space  of  five  yards, 
we  say  that  the  velocity  of  the  first  is  to  that  of  the  second  as  3 
to  5. 

It  happens  frequently  that  we  express  a velocity  by  an  absolute 
number  : but  that  number  only  represents  the  relation  of  that 
velocity  to  another  not  specified,  but  which  is  understood  to  be 
taken  at  unity. 

If  a body  in  a unit  of  time,  a second,  for  instance,  passes 
through  a unit  of  space,  we  shall  suppose  a yard,  its  velocity  is 
selected  for  a term  of  comparison,  and  is  also  represented  by  unity. 

If  at  the  same  time  also  a second  body  passes  through  5 yards,  its 
velocity  will  be  5 times  greater  than  the  first,  and  be  represented 
by  5.  If  a third  body  employs  3 seconds  to  pass  through  these 
5 yards,  which  the  second  runs  through  in  I,  its  velocity  will  be 
sub-triple  ; consequently  the  velocity  of  the  second  being  5,  that  of 
the  latter  will  become  f.  We  may  obtain,  therefore,  the  expres- 
sion of  the  velocity  of  a body,  by  dividing  the  number  which  re- 
presents the  space  by  that  which  represents  the  time,  which  is 
generally  expressed  more  briefly  by  saying  that  the  velocity  is 
equal  to  the  space  divided  by  the  time. 

In  equal  masses  the  velocities  are  proportional  to  the  forces. 
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Friction. 

Adhesion. 


The  velocities  being  equal,  the  forces  are  proportional  to  the 
masses:  for  the  effect  of  a force  which  puts  a free  body  in  motion, 
is  to  impress  the  same  velocity  upon  all  the  molecules  of  that 
body  ; consequently  the  intensity  of  the  force  will  be  proportional 
to  the  number  of  these  molecules,  or  the  mass  of  the  body.  The 
measure  of  a given  force  is  therefore  represented  by  the  sum  of 
the  forces  which  impel  all  the  molecules  ; and,  as  it  is  commonly 
expressed,  the  effect  of  a force  is  measured  by  the  mass  multiplied 
into  the  velocity. 

Again,  the  forces  being  equal,  the  velocities  become  reciprocally 
proportional  to  the  masses.  Thus,  if  a moveable  body  happens  to 
join  itself  to  an  immoveable  body,  so  that  the  first  cannot  be 
moved  without  the  second,  the  motion  will  be  spi'ead  uniformly 
over  both,  and  cause  them  both  to  proceed  with  an  equal  velocity. 
It  will  therefore  be  necessarily  distributed  to  each  of  them  in  the 
ratio  of  its  mass  ; and  the  resulting  velocity  will  be  to  the  velocity 
of  the  first  body,  as  the  mass  of  that  first  body  is  to  the  sum  of 
the  two  masses  combined. 

Friction  is  that  resistance  which  we  are  obliged  to  overcome  in 
making  one  body  slide  upon  another. 

Adhesion  is  that  power  which  unites  two  polished  bodies  laid 
one  upon  another.  The  force  of  adhesion  is  measured  by  the 
effort  we  exert  perpendicularly  to  the  surface  of  contact,  in  order 
to  separate  the  two  bodies. 

The  more  the  surfaces  are  polished,  the  adhesion  is  greater,  and 
the  friction  less  : again,  if  the  object  is  only  to  make  one  body  slide 
upon  another,  it  will  be  a great  advantage  to  polish  the  surfaces, 
or  to  interpose  a liquid. 


OF  THE  BONES. 

The  bones  which  determine  the  general  form  and  dimensions 
of  the  body,  have,  on  account  of  their  physical  properties,  a very 
important  use  in  its  different  positions  and  motions  : they  form 
the  different  levers  which  the  animal  machine  presents,  and  which 
transfer  the  weight  of  the  body  along  the  surface  of  the  ground. 

As  levers,  they  are  employed  sometimes  as  the  first  sort  ; 
sometimes  as  the  second  or  third.  When  an  equilibrium  is  neces- 
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sary,  the  lever  of  the  first  kind  is  almost  always  employed  ; if 
there  is  a considerable  resistance  to  overcome,  they  then  represent 
a lever  of  the  second  kind. 

In  other  motions  they  are  employed  as  levers  of  the  third  kind, 
which,  as  we  know,  are  disadvantageous  to  the  power,  but  favour- 
able to  extensive  and  rapid  motions.  Most  of  the  pi’ojections  and 
prominences  of  the  bones  are  of  use  in  changing  the  direction  of 
the  tendons,  and  in  causing  their  insertion  nearer  the  perpendicular. 

As  a means  of  transmission  of  weight,  the  bones  represent  columns 
placed  on  each  other,  almost  always  hollow,  which  very  much  in- 
creases the  general  resistance  which  the  skeleton  presents,  as  well  as 
that  of  each  bone  in  particular,  in  proportion  to  its  mass. 

Form  of  bones- 

Bones  are  distinguished  into  short,  flat,  and  long.  Form  of 

Short  bones  are  found  in  the  parts  where  little  mobility  and 
great  _ strength  are  necessary,  as  in  the  feet,  and  the  vertebral 
column. 

The  principal  use  of  flat  bones  is  to  form  the  sides  of  cavi- 
ties ; they  also  contribute  greatly  to  the  motions  and  attitudes, 
by  the  extent  of  surface  they  present  for  the  insertion  of  the 
muscles. 

The  long  bones  are  principally  intended  for  locomotion  ; they 
are  found  only  in  the  limbs.  The  form  of  their  bodies  and  extre- 
mities deserves  attention.  The  body  of  these  bones  is  the  part 
which  presents  the  smallest  diameter  ; it  is  generally  rounded; 
the  extremities,  on  the  contrary,  are  always  more  or  less  volumi- 
nous. 

The  disposition  of  the  bodies  of  bones  contributes  to  elegance  of 
form  in  the  members  ; the  greater  volume  of  the  articulating 
extremities,  besides  having  the  same  use,  insures  solidity  to  the 
articulations,  and  diminishes  the  obliquity  of  insertion  of  the  ten- 
dons into  bones. 

The  short  bones  are  almost  entirely  of  a spongy  substance,  structure  of 
whence  it  happens  that  they  present  a considerable  surface  with- 
out being  too  heavy.  The  extremities  of  the  long  bones  are  the 
same  ; but  their  shafts  present  a compact  substance  in  abundant 
quantity,  which  gives  them  a great  power  of  resistance,  this  being 
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very  necessary  in  these  bones,  as  it  is  upon  the  middle  of  them 
that  the  efiforts  they  sustain  ultimately  rest. 

The  spongy  tissue  of  the  short  bones,  and  the  extremities  of  the 
long  bones,  are  filled  by  the  medullary  juice,  or  meditulliim. 

The  cavity  of  the  long  bones  is  filled  with  marrovo. 


Articulations  of  hones. 


Different  sorts 
of  articula- 
tions. 


Moveable  ar- 
ticulations. 


Cartilages  and 

fibro-carti- 

lages. 


Synovia. 


Inter-articu- 
lar fibro-car- 
tilages. 


They  are  distinguished  into  those  that  do,  and  those  that  do  not, 
allow  of  motion. 

The  first  division  presents  subdivisions  founded  upon  the  form 
of  the  articulating  surfaces. 

The  second  also  presents  subdivisions  founded  upon  the  articu- 
lating surfaces,  and  upon  the  kind  of  movement  that  the  articula- 
tions permit. 

In  the  moveable  articulations,  the  bones  never  touch  one  ano- 
ther immediately;  there  is  always  between  them  a substance 
which  is  elastic,  and  differently  disposed  according  to  the  articu- 
lations, and  intended  to  support  easily  the  strongest  pressure,  to 
lessen  shocks,  and  favour  motions.  Sometimes  this  substance  is 
single,  adheres  equally  to  the  surface  of  the  two  articulating  bones, 
and  constitutes  articulations  of  continuity.  It  is  then  of  a fibro- 
cartilaginous nature.  At  other  times  this  substance  forms  a pe- 
culiar bed  upon  each  articular  surface  ; as  is  seen  in  articulations 
of  contiguity.  In  this  case  the  substance  is  cartilaginous. 

It  is  said  that  the  substance  which,  in  this  kind  of  articulation, 
covers  the  bones,  is  formed  of  parallel  fibres,  perpendicular  to  the 
surface  which  they  cover  : this  opinion  seems  to  require  new  re- 
searches. The  cartilages  have  more  the  appearance  of  being 
formed  of  one  homogeneous  stratum. 

Articulations  thus  disposed  present  the  most  favourable  dispo- 
sitions for  sliding  motions.  The  surfaces  in  contact  are  finely 
polished,  and  a particular  liquid,  the  synovia,  continually  moistens 
them.  For  the  same  reasons  the  adhesion  is  very  great,  and  this 
circumstance  adds  to  the  strength  of  the  articulation,  by  contribu- 
ting to  prevent  displacement. 

In  certain  movable  articulations,  there  are,  between  the  articu- 
lating surfaces,  fibro-cartilaginous  substances  which  do  not  adhere 
to  those  surfaces.  The  use  which  has  been  assigned  to  them  is 
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to  form  a sort  of  cushions,  which  giving  way  to  pressure,  recover 
again  their  form,  and  protect  the  articular  surfaces  to  which  they 
correspond. 

They  are  said  to  be  found  so  placed  in  articulations  which  sup- 
port the  greatest  pressure.  We  think  that  this  opinion  is  not  suf- 
ficiently founded.  Indeed  the  articulations  of  the  hip,  and  particu- 
larly those  of  the  foot,  which  supports  the  greatest  efforts,  do  not 
present  them.  Is  their  use  not  rather  to  favour  the  extent  of  mo- 
tion, and  to  prevent  displacement  ? Around,  and  sometimes  in 
the  interior  of  articulations,  there  are  fibrous  bodies  found,  called 
ligaments,  which  have  for  a double  use  the  maintaining  the  bones  Ligaments, 
in  their  respective  situations,  and  limiting  their  motions  on  one 
another. 

Attitudes  of  man. 

Let  us  examine  man  in  his  different  positions,  and  first  in  his  Erect  posture, 
most  ordinary  position,  that  is,  upon  his  feet.  We  see,  in  the  first 
place,  that  the  head,  intimately  united  with  the  atlas,  forms  a lever 
of  the  first  kind,  of  which  the  point  of  support  is  in  the  articulation 
of  the  lateral  masses  of  the  atlas  and  of  the  axis,  whilst  the  power 
and  the  resistance  occupy  each  an  extremity  of  the  lever,  repre- 
sented, the  one  by  the  face,  the  other  by  the  occiput. 

The  point  of  support  being  nearer  the  occiput  than  the  anterior  Point  of  sup- 
part  of  the  face,  the  head  tends  by  its  weight  to  fall  forwards  ; but 
it  is  retained  in  equilibrium  by  the  contraction  of  the  muscles  at- 
tached to  its  posterior  part.  It  is  therefore  the  vertebral  column 
which  supports  the  head,  and  which  transmits  the  weight  of  it  to 
its  inferior  extremity.  The  superior  extremities,  the  soft  parts  of 
the  neck,  and  of  the  thorax,  the  greater  part  of  those  contained  in 
the  abdominal  cavity,  are  supported,  mediately  or  immediately,  up- 
on  the  vertebral  column. 

On  account  of  the  weight  of  these  parts,  it  was  necessary  that 
the  vertebral  column  should  present  great  solidity.  In  fact,  the 
vertebræ,  the  intervertebral  fibro-cartilages,  the  different  ligaments 
which  unite  them,  form  a whole  of  great  solidity.  If  we  reflect, 
then,  that  the  vertebral  column  is  formed  of  superincumbent  cylin- 
dric  portions  ; that  it  has  the  form  of  a pyramid,  the  base  of  which 
rests  on  the  sacrum  ; that  it  presents  three  curves  in  opposite 
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directions  which  give  it  sixteen  times  more  resistance  than  if  it 
bad  none,  we  will  then  have  an  idea  of  the  lesistance  which  the 
vertebral  column  offers.  We  also  see  it  support  not  only  the 
weight  of  the  organs,  but  also  very  heavy  burdens. 

The  weight  of  the  organs  which  the  vertebral  column  sustains 
being  felt  particularly  upon  its  anterior  part,  muscles  placed  upon 
the  posterior  part  resist  the  tendency  which  it  has  to  bend  for- 
ward. In  this  circumstance,  every  vertebra,  and  the  parts  attached 
to  it,  represent  a lever  of  the  first  kind,  of  which  the  point  of 
support  is  in  the  fibre- cartilage  which  sustains  the  vertebrae  ; the 
power  in  the  part  which  draws  it  forward  ; and  the  resistance  in 
the  muscles  which  are  attached  to  its  spinous  and  transverse  pro- 
cesses. 

The  whole  of  the  vertebral  column  represents  a lever  of  the 
third  kind,  the  point  of  support  of  which  is  in  the  articulation  of 
the  fifth  vertebra  of  the  loins,  with  the  os  sacrum,  the  power  of 
which  is  in  the  parts  which  tend  to  draw  the  column  forward,  and 
the  resistance  in  the  posterior  muscles.  As  the  power  acts  prin- 
cipally upon  the  inferior  part  of  the  lever,  nature  has  there  placed 
the  strongest  muscles  ; the  pyramid  which  the  vertebral  column 
represents  has  there  the  greatest  thickness,  and  the  vertebral  pro- 
cesses are  more  marked  and  horizontal  ; fatigue  is  also  felt  there 
when  we  remain  long  in  a standing  position. 

The  muscular  power  will  act  so  much  more  effectually  to  pre- 
serve the  equilibrium  necessary  in  a standing  position,  as  the  spi- 
nous processes  are  longer,  and  nearer  a horizontal  direction. 

The  weight  of  the  vertebral  column,  with  the  parts  which  rest 
on  it,  is  transmitted  directly  to  the  pelvis,  which,  resting  upon  the 
thighs,  represents  a lever  of  the  first  kind,  of  which  the  point  of 
support  is  in  the  ilio-femoral  articulations  ; the  power  and  resist- 
ance are  placed  before  or  behind. 

The  pelvis  supports  also  part  of  the  weight  of  the  abdominal 
viscera. 

The  sacrum  supports  the  vertebral  column,  and,  acting  like  a 
wedge,  it  transmits  equally  to  the  thighs,  by  means  of  the  ossa 
ilium,  the  weight  that  it  supports.  The  pelvis  is  really  in  equili- 
brium upon  the  heads  of  the  two  thighs  ; but  this  equilibrium  re- 
sults from  a great  number  of  eflforts  combined. 

On  the  one  hand,  the  abdominal  viscera  pressing  upon  the  pelvis 
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inclined  forward,  tend  to  depress  the  pubis  ; on  the  other,  the  ver- 
tebral column  tends  by  its  weight  to  give  the  pelvis  a swinging 
motion  backwards. 

The  weight  of  the  vertebral  column  being  much  greater  than 
that  of  the  abdominal  viscera,  it  seems  necessary  that,  to  establish 
the  equilibrium,  muscular  powers  would  be  sufficient,  which,  com- 
mencing in  the  thighs,  should  be  attached  to  the  pubis,  and  there, 
by  their  proper  contraction,  counterbalance  the  excess  of  weight 
of  the  vertebral  column. 

These  muscles,  in  fact,  exist  ; but  they  do  not  act  principally 
to  determine  the  equilibrium  of  the  pelvis  upon  the  thighs  ; be- 
: cause  the  pelvis,  very  far  from  swinging  backwards,  would  rather 

i incline  forwards,  as  the  muscles  which  resist  the  inclination  of  the 
vertebral  column  forward,  having  their  fixed  points  upon  the  pelvis, 

! make  a considerable  effort  to  draw  it  upwards.  It  is  then  those 
; muscles  which,  leaving  the  thigh,  go  to  the  posterior  part  of  the 
’ pelvis,  which  prevent  it  from  rising,  and  which  are  the  principal 
agents  in  the  equilibrium  of  the  pelvis  upon  the  thighs  : Nature 
i has  therefore  made  them  very  numerous  and  strong. 

The  articulation  of  the  thigh  with  the  os  ilium  is  nearer  the  pel- 
vis than  the  sacrum  ; whence  it  results  that  the  posterior  muscles 
act  by  a longer  arm  of  the  lever,  which  is  a favourable  circum- 
! stance  for  their  action. 

In  the  usual  state  of  standing,  the  thighs  transmit  directly  the 
■weight  of  the  trunk  to  the  tibia. 

They  are  very  fit  for  this  use,  on  account  of  their  articulation 
with  the  os  ilium. 

The  neck  of  the  thigh-bone,  besides  its  use  in  motion,  is  of  ser- 
vice in  a standing  position,  by  directing  the  head  of  the  femur  up- 
wards and  inwards  in  an  oblique  direction  ; and  hence  it  results 
! that  it  supports  the  vertical  pressure  of  the  pelvis,  and  resists  the 
separation  of  the  ossa  ilia,  which  the  sacrum  tends  to  produce. 

The  thigh  transmits  the  weight  of  the  body  to  the  tibia  ; but, 
by  the  manner  in  which  the  pelvis  presses  upon  its  inferior  extre- 
‘ mity,  has  a tendency  forwards  ; whilst  the  contrary  takes  place  with 
the  superior  extremity  ; whence  it  follows,  that,  to  keep  it  in 
,!  equilibrium  upon  the  tibia,  there  must  be  strong  muscles  opposed 
! to  this  motion.  These  muscles  are  the  rectus  anterior,  and  the 
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triceps  cruralis,  consisting  of  the  vastus  externus,  vastus  inter- 
nus,  and  cruralis,  united  ; the  action  of  which  is  favoured  by  the 
presence  of  the  rotula  placed  behind  their  tendon. 

The  muscles  of  the  posterior  part  of  the  leg,  which  are  attached 
to  the  condyles  of  the  thigh,  concur  also  in  the  maintenance  of  this 
equilibrium. 

The  tibia  transmits  the  weight  of  the  body  to  the  foot  ; the 
fibula  does  not  aid  in  it.  But  in  order  that  the  former  of  these 
bones  perform  this  office  well,  there  must  be  muscles  opposed  to 
the  direction  in  which  its  superior  extremity  inclines  forwards. 
The  gemelli  and  soleus  principally  perform  this  office  ; all  the  other 
muscles  of  the  posterior  part  of  the  leg  also  aid  in  it. 

The  foot  supports  the  whole  weight  of  the  body  ; its  form  and 
structure  correspond  with  this  use.  The  sole  of  the  foot  is  very 
broad,  which  contributes  to  the  solidity  of  the  standing  position. 
The  skin,  and  the  epidermis  of  this  part,  are  very  thick.  With- 
in the  skin  is  a fatty  layer  of  considerable  thickness,  particularly 
upon  those  parts  where  the  foot  presses  on  the  ground.  This  fat 
forms  a sort  of  elastic  cushion,  very  fit  to  deaden  or  diminish  the 
effects  of  pressure  occasioned  by  the  weight  of  the  body. 

The  foot  does  not  touch  the  ground  on  the  whole  extent  of  its 
inferior  aspect  ; the  heel,  the  external  edge,  the  part  which  corres- 
ponds to  the  anterior  extremity  of  the  metatarsal  bones,  the  extre- 
mity, or  pulps  of  the  toes,  are  the  parts  which  commonly  touch 
the  ground,  and  transmit  to  it  the  weight  of  the  body  : there  are 
also  in  each  of  these  points  considerable  bundles  of  fat,  intended 
to  prevent  the  inconvenience  of  so  strong  a pressure.  That  which 
is  placed  immediately  under  the  head  of  the  calcanéum  is  very  re- 
markable ; it  is  smooth  upon  its  superior  face,  and  merely  conti- 
guous to  the  bone  ; it  is,  besides,  dis.tinct  from  the  rest  of  the  fat 
of  the  heel.  The  other  bundles,  or  cushions  of  fat,  are  in  smaller 
quantity  ; but  they  are  disposed  in  a manner  analogous  to  that  of 
the  heel. 

The  tibia  transmits  the  weight  of  the  body  upon  the  astragalus, 
which,  in  its  turn,  transmits  it  to  the  other  bones  of  the  foot  ; but 
the  calcanéum  receives  the  greatest  part  of  it,  the  remainder  being 
divided  amongst  the  other  parts  of  the  foot  which  rest  on  the 
ground. 


COMPENDIUM  OF  PHYSIOLOGY. 


167 


The  general  manner  of  this  transmission  is  as  follows  : — 

The  effort  sustained  by  the  astragalus  is  transmitted,  1st,  to  the 
heel-bone  ; 2dly,  to  the  os  scaphoides.  The  heel-bone  being 
placed  immediately  under  the  astragalus,  receives  the  greater  part 
of  the  pressure  ; it  transmits  it  partly  to  the  ground,  and  partly  to 
the  oscuboides.  This  last  bone,  and  the  os  scaphoides,  by  means 
of  the  ossa  cuneiformia,  press,  in  their  turn,  on  the  metatarsal 
bones,  which,  resting  on  the  ground,  transmit  to  it  nearly  all  the 
pressure  they  support  ; the  surplus  goes  to  the  toes,  and  vanishes 
by  terminating  in  the  basis  of  support.  This  mode  of  transmis- 
sion supposes  the  foot  to  touch  the  ground  in  the  whole  extent  of 
the  sole. 

As  the  pressure  of  the  tibia  is  felt  particularly  in  the  internal 
part  of  the  foot,  this  tends  always  to  spread  outwards.  The 
fibula  is  intended  to  preserve  the  foot  in  the  erect  position  which 
is  necessary  for  standing. 

We,  have  seen  that  the  muscles  which  prevent  the  head  from 
falling  forward  in  standing,  have  their  fixed  point  in  the  nech  ; that 
those  which  perform  the  same  office  with  regard  to  the  vertebral 
column,  have  theirs  in  the  pelvis  ; that  those  which  preserve  the 
pelvis  in  equilibrium  are  attached  to  the  thighs,  or  to  the  bones  of 
the  leg  ; that  those  which  prevent  the  thighs  from  falling  back- 
wards are  inserted  into  the  tibia  ; and,  lastly,  that  those  which 
preserve  the  tibia  in  their  vertical  position  have  their  fixed  point 
in  the  feet.  The  feet  then  must  support  all  the  efforts  which  are 
necessary  to  a standing  position  ; the  feet  must  present  a resist- 
ance equal  to  the  effort  which  they  have  to  support.  But  the  feet 
have  not  by  themselves  any  other  resistance  than  that  of  their 
weight  ; all  that  they  present  is  communicated  to  them  by  the 
weight  of  the  body  which  they  support  ; so  that  the  same  cause 
that  tends  to  make  us  fall,  is  the  same  which  preserves  us  firm  in 
a standing  position. 

The  space  between  the  feet,  added  to  that  which  they  cover, 
forms  the  base  of  support.  The  condition  of  equilibrium  for  stand- 
ing erect  is,  that  the  vertical  line  descending  from  the  centre  of 
gravity,  shall  fall  upon  a point  in  the  base  of  support.  The  stand- 
ing position  will  be  so  much  more  firm  as  this  base  is  broader  ; in 
this  respect,  the  size  of  the  feet  is  far  from  being  indifferent. 
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It  is  seen  by  observation,  that  a standing  position  is  as  firm  as 
possible,  when  the  two  feet  directed  forwards,  on  two  parallel  lines, 
are  separated  by  a space  equal  to  the  length  of  one  of  them.  If 
the  base  of  support  is  enlarged  in  a lateral  direction,  by  separating 
the  feet,’  the  standing  becomes  more  firm  in  this  direction  ; but  it 
is  less  so  from  behind  and  before.  The  contrary  takes  place  when 
one  foot  is  placed  before  the  other. 

The  more  the  base  of  support  is  diminished,  the  less  firm  we 
stand,  and  the  more  efforts  of  the  muscles  it  requires  to  sustain  us 
in  our  position.  This  happens  when  we  are  raised  on  our  toes.  In 
this  case,  the  feet  touch  the  ground  only  in  the  space  between  the 
anterior  extremity  of  the  metatarsal  bone,  and  the  extremity  of  the 
toes  ; — a mode  of  standing  which  is  fatiguing,  and  cannot  be  long 
supported.  Some  persons,  such  as  dancers,  can  raise  themselves 
upon  the  extremities  of  the  toes  ; we  may  conceive  that  this  posi- 
tion is  still  more  difficult.  To  conclude,  whatever  be  the  part  of 
the  foot  which  touches  the  ground,  it  is  always  comprehended 
amongst  the  four  parts  that  we  mentioned  at  the  beginning  of  this 
article,  and  we  cannot  be  ignorant  of  the  bundles  of  Jatty  cellular 
tissue  which  correspond  to  them. 

Standing  becomes  very  painful,  or  even  impossible,  if  the  feet 
rest  upon  a plane  which  is  very  narrow  : for  example,  a tight 
rope. 

In  general,  it  may  be  understood  that  every  cause  which  nar- 
rows the  base  of  support  will  diminish  the  solidity  of  the  stand- 
ing position,  in  proportion  as  this  base  is  diminished,  as  may  be 
ascertained  in  examining  individuals  who  have  lost  their  toes  by 
frost,  or  the  anterior  part  of  the  foot  by  partial  amputation  ; those 
who  have  one  or  two  wooden  legs,  or  those  who  use  stilts.  In 
this  last  case  standing  is  rendered  still  more  difficult,  by  the  dis- 
tance from  the  centre  of  gravity  being  greater.  Standing  upon 
two  feet  may  take  place  in  a great  number  of  different  positions 
of  the  body  besides  the  usual  mode.  The  trunk  may  be  inclined 
forward,  backward,  or  laterally;  the  lower  extremities,  may  be 
bent  in  various  positions.  If  what  we  have  said  of  standing  in  an 
upright  position  be  well  understood,  it  will  be  easy  to  explain  the 
attitudes  here  in  question. 
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Standing  on  one  foot. 

In  certain  circumstances  we  stand  on  one  foot.  This  attitude 
is  necessarily  fatiguing  ; it  requires  a strong  and  continued  action 
of  the  muscles  which  surround  the  articulation  of  the  hip,  whence 
results  the  equilibrium  of  the  pelvis  upon  one  thigh  ; and  as  the 
body,  and  consequently  the  pelvis,  tend  to  incline  towards  the  side 
of  the  leg  which  is  not  supported  on  the  ground,  the  great,  small, 
and  middle  glutei  muscles,  the  tensor  of  the  fascia  lata,  the  gemelli, 
pyriformis,  obturator,  ’ and  quadratus,  must  be  so  contracted  as  to 
support  the  body. 

We  have  reason  to  remark  here  the  use  of  the  neck  of  the  thigh, 
and  the  process  called  the  great  trochanter  ; they  evidently  render 
much  more  oblique  the  insertion  of  the  above-mentioned  muscles, 
and  on  this  account  there  is  much  less  loss  in  the  force  of  their 
contraction. 

It  is  not  necessary  to  add,  that  in  standing  on  one  foot  the  base 
of  support  is  represented  by  the  surface  which  the  foot  covers,  and 
therefore  it  is  always  less  solid  than  standing  on  both  feet,  what- 
ever may  be  their  position.  It  will  become  still  more  difBcult  and 
tottering,  if,  in  place  of  resting  on  the  whole  extent  of  the  foot,  we 
rest  only  on  one  point  of  it.  It  is  scarcely  possible  to  preserve  such 
an  attitude  more  than  a few  moments. 

Kneeling. 

In  this  position  the  base  of  support  seems  to  be  very  large  ; and  Kneeling  pos- 
as the  centre  of  gravity  is  lowered,  we  might  suppose  that  it  is 
much  more  solid  than  standing  upon  the  two  feet  ; but  the  breadth 
of  the  base  which  supports  the  weight  of  the  body  is  very  far  from 
being  measured  by  all  the  surface  of  the  two  limbs  which  touch 
the  ground. 

The  patella  almost  alone  transmits  the  pressure  to  the  ground  ; 
besides,  the  skin  which  covers  it  being  strongly  compressed,  and 
not  being  supported  by  elastic  fatty  substance,  as  is  seen  in  the 
skin  of  the  foot,  it  would  be  very  soon  hurt  were  it  to  remain  long 
in  this  position.  To  diminish  the  effects  of  this  pressure  we  place 
a cushion  under  the  patella,  when  we  intend  to  remain  long  in  a 
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Sluing  pos- 
ture. 


kneeling  posture  ; or  we  transmit  to  the  ground  a part  of  the 
weight  of  the  body  by  some  other  support. 

It  is  with  the  same  intention,  that  is,  to  spread  over  a greater 
surface  the  pressure  caused  by  the  weight  of  the  body,  that  we 
bend  the  thighs  backwards,  and  rest  them  on  the  legs  and  heels  : 
* the  position  then  becomes  very  solid  and  easy,  because  the  base  of 
support  is  then  large,  and  the  centre  of  gravity  very  near  it,  and 
consequently  urging  fewer  articulations. 

Sitting. 

We  may  sit  in  different  postures  ; upon  the  ground,  the  legs  ex- 
tended forward  ; upon  a low  seat,  upon  a common  seat,  with  the 
feet  touching  the  ground  ; upon  a high  seat,  the  feet  off  the  ground, 
with  the  back  either  supported  or  not  supported. 

' In  every  sitting  position  in  which  the  back  is  not  supported, 
and  the  feet  resting  on  the  ground,  the  weight  of  the  trunk  is 
transmitted  to  the  ground  by  the  pelvis,  the  breadth  of  which  be- 
low is  larger  in  man  than  in  any  of  the  animals. 

The  base  of  support  of  the  trunk  becomes  distinct  from  that  of 
the  lower  limbs  ; it  is  represented  by  the  extent  which  the  hips 
cover  upon  the  resisting  plane  which  supports  them.  The  longer 
these  are,  and  the  better  supplied  with  fat,  the  sitting  position  will 
be  the  more  solid. 

When  the  back  is  not  supported  in  the  sitting  attitude,  it  causes 
the  permanent  contraction  of  the  posterior  muscles  of  the  trunk 
which  prevent  it  falling  forward  ; it  is  therefore  fatiguing,  as  we 
may  find  on  remaining  long  seated  on  a stool. 

The  same  thing  does  not  happen  when  the  back  is  supported 
by  a solid  body,  as  happens  when  we  sit  on  a chair  : then  none  of 
the  muscles  are  required  to  act  except  those  that  sustain  the  head, 
and  they  are  the  only  ones  that  suffer  any  fatigue.  Long  chairs 
are  intended  to  prevent  this  inconvenience,  because  they  support 
both  the  back  and  head.  In  whatever  manner  we  are  seated  we 
can  continue  this  position  a long  time  ; 1st,  because  only  the  con- 
traction of  a small  number  of  muscles  is  necessary  ; 2d,  because 
the  base  of  support  is  large,  and  the  centre  of  gravity  is  near  ; 3d, 
because  the  hips,  on  account  of  the  thickness  of  skin,  and  the 
quantity  of  fat  which  they  contain^  are  able,  without  any  inconve- 
nience, to  support  a long-continued  and  heavy  pressure. 
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Of  the  recumbent  posture. 

Lying  is  the  only  position  of  the  body  which  requires  no  mus- 
cular  exertion  ; this  is  also  the  attitude  of  repose,  and  that  of  weak 
or  sickly  persons  who  labour  under  great  deficiency  of  strength  ; 
it  is  also  that  which  can  be  preserved  the  longest.  The  only  organ 
which  becomes  fatigued,  in  this  position,  is  the  skin  which  corres- 
ponds with  the  base  of  support;  the  pressure  of  the  weight  of  the 
body,  though  distributed  over  a great  space,  and  having  little  ac- 
tion on  each  particular  point,  is  sufficient  to  produce  inconvenience 
at  first,  and  afterwards  pain.  And  if  the  position  is  continued,  as 
happens  in  certain  diseases,  the  skin  becomes  excoriated  and  gan- 
grenous, particularly  in  the  points  which  support  the  greatest  pres- 
sure, as  the  superior  surface  of  the  pelvis,  the  great  trochanters, 

&c.  To  avoid  this  inconvenience,  we  procure  soft  and  elastic 
beds,  which  permit  a more  equal  distribution  of  pressure  upon  all 
the  different  points  corresponding  to  the  base  of  support. 

Of  motions. 

We  observe  two  sorts  of  motion  : the  first  is  intended  to  change 
reciprocally  the  position  of  the  different  parts  of  the  body,  the  se- 
cond to  change  the  position  of  the  body  relatively  to  the  surface  ; 
the  first  sort  are  called  partial,  the  second  locomotive. 

Of  partial  motions. 

The  greater  number  of  partial  motions  are  an  inherent  part  of  Partial 
the  different  functions  ; many  of  them  have  been  already  described, 
the  rest  will  be  so  in  their  turn. 

Here  we  treat  only  of  those  that  can  be  separated  from  the  his- 
tory of  the  functions.  We  shall  speak  in  succession  of  those  of  the 
head,  of  the  face,  those  of  the  trunk,  those  of  the  superior  limbs, 
and  lastly,  of  those  of  the  inferior  extremities. 

Partial  motions  of  the  face. 

It  is  easy  to  observe  that  motions  have  two  distinct  obiects  ; Partial  me- 

^ tions  of  the 

the  first  to  contribute  to  the  sensations  of  sight,  of  smell,  and  of  face- 
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taste,  as  in  the  appreliension  of  food,  in  mastication,  deglutition, 
voice,  and  speech  ; the  second  in  expressing  the  intellectual  ac- 
tions and  passions. 


Motions  of  the  eyelids. 


Nictation  or 
winking. 


Experiment 
upon  nicta- 
tion. 


Influence  of 
the  fifth  pair 
upon  nicta- 
tion. 


Influence  of 
the  fifth  upon 
the  seventh 
pair. 


The  motions  of  the  palpebræ  may  be  referred  to  mnlcing,  that 
is  to  say,  to  a motion  by  which  the  free  edges  approach  each  other, 
touch,  and  sometimes  press  upon  each  other  with  more  or  less  of 
force. 

The  muscles  which  execute  these  motions  are  the  orbicularis 
and  levator  palpebrae  ; the  nerves  which  are  distributed  in  the  or- 
bicularis, are  the  facial,  and  a part  of  the  divisions  of  the  fifth 
pair.  The  nerve  of  the  levator  palpebræ  is  a branch  of  the  third 
pair.  ^ 

Mr  Charles  Bell  has  demonstrated  by  experiment,  that  the  sec- 
tion of  the  facial  nerve  causes  the  movements  by  which  the  pal- 
pebræ are  lowered,  to  cease  ; the  eye  remains  in  contact  with  the 
air,  the  animal  no  longer  is  seen  to  wink,  either  spontaneously  or 
when  a foreign  body  is  made  to  touch  its  conjunctiva.  I have 
repeated  this  experiment  several  times  ; it  is  entirely  accurate. 

I have  found  in  my  researches  upon  the  fifth  pair,  that  the  sec- 
tion of  the  trunk  of  that  nerve,  made  within  the  cranium,  likewise 
arrests  the  motions  of  nictation  ; yet,  for  all  this,  the  muscles  of  the 
eyelid  are  not  paralysed;  the  light  of  the  sun,  introduced  suddenly 
into  the  eye,  still  produces  winking.  It  appears,  then,  that  the 
periodical  return  of  nictation  is  connected  with  the  sensibility  of 
the  conjunctiva,  and  that  the  destruction  of  that  property  induces 
the  cessation  of  nictation.  It  follows  that  this  motion  must  be 
produced  by  an  operation  of  the  nervous  system  abundantly  com- 
plicated. We  perceive,  in  fact,  that  every  annoyance,  every  irri- 
tation, every  unexpected  menace,  causes  us  to  wink  ; nay,  if  we 
by  an  effort  refuse  to  yield  to  this  impulse  for  some  time,  we  feel 
a painful  sensation  in  the  conjunctiva. 

We  may  besides  conclude  from  my  experiments,  that  the  fifth 
pair  exercises  upon  the  seventh  an  influence  analogous  to  that 
which  it  possesses  over  the  nerves  of  the  individual  senses. 
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Motions  of  the  eye. 

No  organ  presents  a motive  apparatus  so  complicated  as  the 
eye,  in  respect  to  the  number  of  its  muscles,  but  especially  to  the 
pairs  of  nerves  which  contribute  to  its  motions.  We  see  in  the 
orbit  four  straight  muscles  of  the  eye,  two  oblique,  the  third, 
fourth,  and  sixth  nerves,  three  nerves  almost  exclusively  destined 
to  influence  the  muscles,  and  consequently  the  ordinary  move- 
ments of  the  globe  of  the  eye. 

Before  investigating  the  mechanism  of  the  motions  of  the  eye 
and  its  agents,  it  must  first  be  inquired,  what  are  the  motions  of 
that  organ. 

Mr  Charles  Bell  has  lately  remarked,  that  if  we  open  the  eye- 
lids  of  a person  asleep,  we  perceive  that  the  cornea  and  pupil  are 
directed  upwards,  and  placed  under  the  upper  eyelid  : the  same  is 
also  observed  in  persons  very  weak,  or  about  to  lose  their  under- 
standing ; the  eye  is  no  longer  fixed  upon  an  object,  and  in  general, 
the  globe  of  the  eye  inclines  to  ascend,  and  to  turn  from  below 
upwards.  The  same  appearance  is  observed  at  the  approach  of 
death  ; then  the  opake  cornea,  or  white  of  the  eye,  alone  appears  on 
separating  the  eyelids  ; from  the  most  remote  antiquity  physicians 
have  remarked  this  as  a fatal  symptom — (Hipp.  Praen.  ii.  449.) 

The  insertions  of  the  straight  muscles  of  the  eye  sufficiently 
indicate  their  uses  ; and  what  anatomy  thus  announces,  has  been 
confirmed  by  some  experiments  of  Mr  Charles  Bell. 

The  same  physiologist,  anxious  to  ascertain  whether  the  oblique 
muscles  were  merely  subservient  to  lateral  motion,  attached  to  the  ^*9“® 

^ ^ ^ of  the  eye. 

tendon  of  the  superior  oblique  a fine  thread,  at  the  extremity  of 
which  was  suspended  a glass  ring,  the  gravitating  force  of  which 
drew  the  tendon  out  of  the  orbit.  “ Touching  the  eye  with  a 
feather,  I have  seen,”  says  he,  “ by  the  contraction  of  the  muscle, 
the  ring  drawn  upwards  several  times,  with  sufficient  force  to  slip 
from  my  finger.” 

Mr  Bell  having  cut  across  the  tendons  of  the  obliquus  superior 
of  an  ape,  the  animal  at  first  experienced  some  inconvenience,  but 
afterwards  the  eye  resumed  its  natural  expression,  as  if  it  had  not 
been  subjected  to  any  operation.  The  division  of  the  obliquus  in- 
ferior of  another  ape,  had  results  in  no  respect  different. 
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He  likewise  divided  the  tendon  of  the  obliquus  superior  in  an 
ape,  and  moved  his  hand  before  the  eyes  of  the  animal.  The  right 
eye  directed  itself,  in  a very  distinct  manner,  upwards  and  in- 
wards ; whilst  the  left  presented  the  same  movement,  but  to  a less 
extent  : moreover,  when  the  right  eye  had  taken  that  position,  it 
lowered  itself  with  difficulty. 

The  general  conclusion  from  these  experiments  is,  that  the  sec- 
tion of  the  oblique  muscles  does  not  impede  the  movements  of  the 
eye  relative  to  vision,  and  that  the  principal  use  of  these  muscles 
is  to  preside  over  the  movements  by  which  the  eye  withdraws 
itself  from  the  action  of  foreign  bodies,  and  which  Mr  Bell  regards 
as  involuntary. 

Though  these  researches  ai-e  highly  interesting,  we  cannot  yet 
congratulate  ourselves  on  the  possession  of  a perfect  knowledge  of 
the  motions  of  the  eye  ; I have  observed  several  facts  which  indi- 
cate the  necessity  of  new  experiments. 

inBuenceof  If  we  irritate  the  peduncle  of  the  cerebellum,  and  especially  if 

the  peduncles  .....  , , . , ■ • i 

ofthecerehei- we  divide  It  Completely,  in  a rabbit,  the  eyes  assume  a very  re- 

lum,  and  of  i i i o i • . ■' 

thepons.upon  markable  fixed  position. 

of  the  eye.  The  eye  of  the  wounded  side  is  earned  downwards  and  for- 
wards  ; and  consequently,  into  a position  directly  opposite  to  the 
opposite  eye. 

The  same  result  is  yielded  by  the  section  of  the  medullary  part 
of  the  cerebellum,  by  that  of  the  pons  Varolii,  and  also  by  the  sec- 
tion of  the  lateral  part  of  the  medulla  oblongata. 

The  first  time  that  I observed  this  phenomenon,  I imagined  that 
it  might  depend  upon  some  injury  ibat  I had  done  to  the  fourth 
pair  of  nerves,  which  originate  in  the  immediate  vicinity  of  the 
cerebellum  ; but  I soon  convinced  myself  that  this  was  by  no  means 
the  case  ; dissection,  after  the  death  of  the  animals,  set  this  be- 
yond all  doubt. 

Effect  of  divi-  The  more  clearly  to  illustrate  this  idea,  in  several  living  animals 

fifth  pain^  I divided  the  fourth  pair,  sometimes  on  one  side,  sometimes  on 
both  ; and  I have  always  beheld  with  surprise,  that  this  section 
produced  no  modification  of  the  motion  of  the  eyes  whatever.  At 
the  same  time,  I prosecuted  this  research  upon  the  other  nerves 
of  the  orbit  ; but  the  result  sufficed  to  show  that  the  brain  exerts 
an  influence  upon  the  position  and  motions  of  the  eyes  still  inex- 
plicable. 
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îndepemlentlv  of  the  motions  of  the  face  which  contribute  to  Partial  mo- 
vision,  smell,  taste  ; to  the  voice  and  speech,  &c.,  and  of  w’hich,  m-  face, 
deed,  we  have  already  spoken  ; and  of  those  which  serve  for  tak- 
ing our  food,  for  mastication,  deglutition,  &c.,  of  which  we  shall 
speak  in  their  place,  the  muscles  of  the  face  determine  some  mo- 
tions, the  use  of  which  is  to  express  certain  intellectual  acts,  the 
different  dispositions  of  the  mind,  the  instinctive  desires  and  the 
passions.  Pleasure,  pain,  joy,  sorrow,  desires  and  fear,  anger,  love, 

&c.,  have  each  an  expression  of  the  face  by  which  it  is  charac- 
terised. However,  the  painful  and  sorrowful  affections,  violent  de- 
sires, ate  generally  marked  by  a contraction  of  the  visage  ; the 
eyebrows  are  knit,  the  mouth  contracted,  and  its  sides  lowered  ; 
on  the  contrary,  in  the  soft  and  gay  affections,  in  agreeable  sensa- 
tions, satisfied  desires,  the  countenance  expands,  the  eyebrows  are 
raised,  the  eyelids  are  separated,  the  angles  of  the  mouth  are  drawn 
upward  and  outward,  which  causes  smiling.  Those  persons  in  Physiognomy, 
whom  the  different  expressions  are  the  most  maiked,  or  who,  in 
ordinary  language,  are  said  to  have  distinct  physiognomy,  are  en- 
dowed with  a lively  sensibility.®  The  contrary  generally  takes 
place  with  persons  whose  visage  is  incapable  of  strong  expression. 

When  a certain  disposition  of  the  mind,  or  a passion,  continues  for 
a certain  time,  the  muscles  which  are  habitually  contracted  to  ex- 
press it,  acquire  a greater  volume,  and  assume  a manifest  prepon- 
derance over  the  other  muscles  of  the  face  : the  physiognomy  then 
preserves  the  expression  of  the  passion,  even  when  it  is  not  felt,  or 
long  after  it  has  ceased.  The  consideration  of  his  physiognomy  is 
thus  an  excellent  means  by  which  to  judge  of  the  character  or  or- 
dinary passions  of  an  individual. 

According  to  the  experiments  of  Mr  Charles  Bell,  lately  con- infi|enceof 
firmed  by  many  positive  pathological  facts,  it  is  proved  that  the  upon  physiog- 
facial  nerve  is  the  one  which  presides  over  the  different  movements 
of  expression  in  the  countenance,  which  we  denominate  physiog- 
nomy : if,  in  the  course  of  an  operation,  that  nerve  is  cut,  or  if  it 
becomes  impaired  by  disease,  all  the  expression  of  the  disordered 
side  of  the  face  is  lost,  although  its  sensibility  remains  perfectly  en- 
tire. It  has  already  been  stated,  that  this  last  phenomenon  depends 
upon  the  branches  of  the  fifth  pair-. 

The  colour,  or  change  of  colour  of  the  skin  of  the  face,  is  like- 
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wise  a strong  means  of  expression  of  the  mind  and  of  the  passions  ; 
we  shall  treat  of  it  in  the  article  Capillary  circulation. 

Motions  of  the  head  upon  the  vertebral  column. 

The  head  may  be  inclined  forward,  backward,  or  laterally  ; it 
can  also  turn  to  the  right  or  to  the  left.  The  motions  by  which 
the  head  is  inclined  forward,  backward,  or  laterally,  provided  they 
are  not  extensive,  take  place  in  the  articulation  of  the  head  with 
the  first  cervical  vertebra  ; but  if  their  extent  is  considerable,  all 
the  vertebrce  of  the  neck  participate  in  them. 

The  rotatory  motions  take  place  essentially  in  the  articulation 
of  the  atlas  with  the  axis,  or  processus  dentatus,  evidently  intended 
for  this  use.  These  different  motions,  which  are  frequently  com- 
bined, are  determined  by  the  simultaneous  or  successive  contrac- 
tions of  the  muscles  which  go  from  the  neck  and  breast  to  the  head. 

We  easily  see  that  the  motions  of  the  head  are  favourable  to 
sight,  smelling,  and  hearing  ; they  are  also  useful  to  the  produc- 
tion of  the  different  tones  of  voice,  in  permitting  the  prolonga- 
tion, or  shortening,  of  the  trachea,  of  the  vocal  tube,  &c.  These 
motions  serve  also  as  a means  of  expressing  the  intentions  of  the 
mind  ; approbation,  consent,  refusal,  are  marked  by  certain  mo- 
tions of  the  head  upon  the  neck  ; some  passions  also  occasion  par- 
ticular attitudes  of  the  head. 

Motions  of  the  trunk. 

In  this  article  we  shall  speak  only  of  those  motions  which  are 
peculiar  to  the  vertebral  column  ; those  that  are  peculiar  to  the 
chest,  the  abdomen,  and  the  pelvis,  will  be  treated  of  elsewhere. 

Flexion,  extension,  lateral  inclination,  circumduction,  and  ro- 
tation ; such  are  the  motions  that  the  vertebral  column  performs  as 
a whole,  and  such  also  does  every  region,  and  even  every  single 
vertebra,  perform  in  particular. 

These  different  motions  take  place  in  the  intervertebral  fibro- 
cartilage  ; they  are  so  much  more  easy  and  extensive  as  these  fibro- 
cartilages  are  thicker  and  broader  : for  which  reason  the  motion 
of  the  lumbar  and  cervical  portions  of  the  vertebral  column  are 
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evidently  more  free  and  considerable  than  those  of  the  dorsal 
portion.  It  is  well  known  that  the  cervical  fibre- cartilages,  and 
particularly  the  lumbar,  are  proportionally  thicker  than  the  dorsal- 

In  the  motions  of  flexion  forward,  backward,  or  laterally,  the 
fibro-cartilages  are  pressed  down  in  the  direction  of  the  flexion, 
and  prolonged  on  the  opposite  side.  The  thickest  part  is  that 
which  admits  of  the  most  considerable  compression.  This  is  one 
of  the  reasons  why  flexion  forwards  is  much  more  extensive  than 
any  other  motion  of  the  vertebral  column. 

In  rotation,  the  whole  of  these  intervertebral  bodies  must  sup- 
port a prolongation,  in  the  same  direction  as  the  plates  of  which 
they  are  composed.  The  centre  of  these  bodies  presents  a soft 
matter,  almost  fluid  ; the  circumference  alone  oifers  a considerable 
resistance,  and  nevertheless,  in  those  motions  in  which  the  verte- 
bræ  approach  each  other,  this  circumference  gives  way  sufficiently 
to  form  a sort  of  cushion  between  the  two  bones.  The  disposition 
of  the  articular  surfaces  of  the  vertebrae  is  one  of  the  circumstances 
which  has  most  influence  upon  the  extent  and  mode  of  the  recipro- 
cal motions  of  the  vertebrae. 

When  we  regard  the  vertebral  column  in  the  whole  of  its  mo- 
tions, it  represents  a lever  of  the  third  kind,  of  which  the  point  of 
support  is  in  the  articulation  of  the  fifth  lumbar  vertebra  with  the 
sacrum  ; the  power  is  in  the  muscles  which  are  inserted  into  the 
vertebrae,  on  the  sides  ; and  the  resistance  in  the  weight  of  the 
head,  the  soft  parts  of  the  neck,  of  the  chest,  and  part  of  the  abdo- 
men. On  the  contrary,  each  vertebra,  taken  separately,  represents 
a lever  of  the  first  kind,  of  which  the  point  of  support  is  in  the 
middle,  upon  the  vertebra  placed  immediately  below.  The  power 
and  the  resistance  are  alternately  before  or  behind,  or  on  the  right 
or  left,  at  the  extremities  of  the  transverse  processes.  The  mo- 
tions of  the  vertebral  column  are  frequently  accompanied  by  those 
of  the  pelvis  upon  the  thighs  ; they  then  appear  to  enjoy  an  ex- 
tent, which  they  are  very  far  from  possessing. 

The  motions  of  the  vertebral  column  are  intended  frequently  to 
favour  those  of  the  superior  and  inferior  extremities,  and  to  render 
less  fatiguing,  and  more  supportable,  the  different  attitudes  and 
positions  of  the  whole  body. 
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Motions  of  the  superior  extremities. 

The  superior  extremities,  being  the  principal  agents  by  which 
we  impress  directly,  or  indirectly,  upon  the  bodies  which  surround 
us,  those  changes  which  we  find  requisite,  ought  to  possess  an 
extreme  mobility,  joined  to  great  solidity.  In  fact,  we  observe,  in 
these  members,  many  bones  of  a considerable  length  that  are 
very  slender  ; the  short  bones  are  not  large  : both  are  but  light  ; 
the  articulating  surfaces  are  of  small  dimensions  ; the  muscles  are 
very  numerous  and  their  fibres  often  very  long.  The  bones  re- 
present, almost  always,  levers  of  the  third  kind,  which  are  favour- 
able, as  we  have  already  said,  to  extensive  and  rapid  motions. 
Whether  we  consider  the  superior  extremities  in  their  motions  of 
totality,  relatively  to  the  trunk,  or  in  their  partial  motions,  we  see 
that  they  unite  in  a superior  degree,  extent,  rapidity,  and  variety 
of  motion. 

The  solidity  of  these  limbs  is  not  less  worthy  of  remark.  In  a 
great  many  cases  they  have  to  sustain  considerable  efforts,  as  when 
we  support  ourselves  on  a stick,  when  we  fall  forwards,  and  the 
hands  receive  the  shock  of  the  fall. 

We  cannot  possibly  enter  into  the  details  of  this  wonderful 
structure  : we  refer  to  the  Descriptive  Anatomy  of  Bichat,  whose 
genius  has  been  successfully  exerted  in  the  description  of  animal 
mechanism. 

The  superior  extremities  are  essentially  useful  in  the  exercise  of 
touch,  of  which  the  hand  is  the  principal  organ  ; they  assist  in  the 
action  of  the  other  senses  in  bringing  near  or  removing  bodies, 
or  in  placing  them  so  as  to  be  acted  on  with  the  greatest  ease. 
Their  motions  express  powerfully  the  instinctive  and  intellectual 
operations. 

Gestures  form  a real  language,  which  is  susceptible  of  acquiring 
great  perfection,  when  it  becomes  very  necessary,  as  with  those 
who  are  deaf  and  dumb.  In  these  cases,  gestures  not  only  paint 
the  feelings,  the  wants,  the  passions  ; but  they  express  even  the 
finest  shades  of  thought.  The  superior  limbs  are  often  useful  in 
the  different  attitudes  of  tlie  body.  In  certain  cases  a portion  of 
its  weight  is  transmitted  by  them  to  the  ground,  and,  consequent- 
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Ijr,  they  increase  the  base  of  support  ; this  takes  place  when  we 
rest  on  a staff  ; when,  kneeling,  we  place  our  hands  on  the  ground  ; 
when,  seated  on  a horizontal  plane,  we  support  ourselves  on  our 
elbows,  &c. 

They  may  also  render  the  position  of  standing  more  solid,  by 
being  directed  to  the  side  opposite  to  that  towards  which  the 
body,  by  its  weight,  inclines  to  fall.  We  will  see  immediately 
that  they  are  not  without  their  use  in  the  different  modes  of  pro- 
gression. 

Motions  of  the  inferior  extremities. 

Though  the  analogy  of  structure  between  the  superior  and  in-  Motions  of  the 
ferior  extremities  is  manifest,  it  is  not  less  evident  that  nature  has  mities. 
done  much  less  for  the  quickness  and  variety  of  the  motions  of  the 
former,  than  for  the  solidity  and  extent  of  those  of  the  latter  ; this 
disposition  was  very  necessary,  for  the  lower  extremities  rarely 
move  without  supporting  the  weight  of  the  body,  and  they  are 
the  principal  agents  of  our  locomotion. 

Nevertheless,  when  we  impress  any  modifications  upon  exterior 
bodies  by  the  inferior  extremities,  they  move  independently  of  the 
trunk  : as  when  we  change  thé  form  of  a body  in  pressing  it  with 
the  foot,  or  when  we  displace  it  by  striking  it  with  the  foot  : when 
we  feel  with  the  foot  to  determine  the  resistance  of  the  ground 
upon  which  we  walk,  &c.,  we  see  clearly  that  these  different  mo- 
tions do  not  necessarily  occasion  that  of  the  trunk.  We  will  not 
describe  here  particularly  the  different  motions,  either  general  or 
partial,  which  are  effected  by  the  members  ; w'e  will  treat  only,  in 
an  abridged  manner,  of  the  different  modes  of  locomotion  ; that  is, 
of  the  different  modes  by  which  the  body  is  transported  from  one 
part  to  another,  which  are  tvalking,  running,  leaping,  and  stcm- 
ming. 

Of  locomotion. 

The  action  of  walking  is  not  always  performed  in  the  same  man-  of  waikhig. 
ner.  We  walk  forwards,  backwards,  sideways,  and  in  intermediate 
directions  ; we  ascend,  or  descend,  upon  a solid  or  movable  surface  ; 
walking  also  differs  as  to  the  length  and  quickness  of  the  steps. 
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Whatever  is  the  mode  of  walking,  it  is  necessarily  composed  of 
a succession  of  steps  ; so  that  a description  of  walking  is  only  the 
description  of  a succession  of  steps.  The  step,  with  its  principal 
modifications,  is  what  is  necessary  to  he  known. 

Suppose  a man  standing,  his  two  feet  placed  together,  and  be- 
ginning to  walk  upon  a horizontal  plane,  with  a step  of  an  ordinary 
quickness  and  length,  he  must  bend  one  of  the  thighs  upon  the 
pelvis,  and  the  leg  upon  the  thigh,  in  order,  by  the  shortening  of 
the  limb,  to  remove  the  foot  from  the  ground.  The  flexion  of  the 
thigh  causes  the  movement  of  the  whole  limb  forwards  : the  limb 
next  rests  itself  on  the  ground  ; the  heel  touches  first,  and  then  in 
succession  the  whole  lower  surface  of  the  foot.  Whilst  this  mo- 
tion is  being  performed,  the  pelvis  suffers  a horizontal,  rotatory 
motion  upon  the  top  of  the  femur  of  the  limb  that  remains  at  rest. 
The  result  of  this  rotatory  motion  upon  the  head  of  the  femur  is, 
1st,  to  carry  forward  the  whole  of  the  limb  detached  from  the 
ground  ; 2d,  to  carry  forward  also  the  side  of  the  body  corres- 
ponding to  the  moving  limb,  whilst  the  side  corresponding  to  the 
immovable  limb  remains  behind. 

These  two  effects  are  scarcely  perceivable  in  short  steps  ; they 
are  strongly  marked  in  ordinary  steps,  but  still  more  so  in  those 
that  are  long  : there  is  not  yet  any  progression,  the  base  of  sup- 
port only  is  modified,  in  which,  by  the  contraction  of  the  lumbar 
and  abdominal  muscles  of  that  side,  its  weight,  and  that  of  the 
whole  body  resting  upon  it,  are  transferred  to  the  acetabulum.  To 
finish  the  step,  the  limb  that  remained  behind  must  advance,  place 
itself  on  the  same  line,  or  pass  that  which  went  before.  For  this 
purpose  the  foot  which  is  behind  is  detached  from  the  ground, 
successively  from  the  heel  to  the  toe  by  a motion  of  rotation,  the 
centre  of  which  is  in  the  articulation  of  the  metatarsal  bones  with 
the  phalanges,  so  that,  at  the  end  of  this  motion,  the  foot  touches 
the  ground  only  by  these  latter.  From  this  motion  arises  a pro- 
longation of  the  limb,  the  effect  of  which  is  to  carry  forward  the 
corresponding  side  of  the  trunk,  and  to  determine  the  rotation  of 
the  pelvis  upon  the  head  of  the  thigh  of  the  limb  that  was  first 
moved.  This  motion  once  produced,  the  limb  bends,  the  knee 
is  directed  forward,  the  foot  detached  from  the  ground  ; the  whole 
limb  then  performs  the  same  motions  that  were  performed  by  that 
of  the  opposite  side. 
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By  the  succession  of  these  motions  of  the  inferior  limbs  and  of 
the  tmnk,  walking  is  produced,  in  which  we  see  that  the  heads  of 
the  thighs  are  by  turns  the  fixed  points  upon  which  the  pelvis 
turns  as  upon  a pivot,  in  describing  arcs  of  a circle  so  much  larger 
in  proportion  as  the  steps  are  long. 

In  order  that  walking  may  be  in  a right  line,  the  radii  of  the 
circle  described  by  the  pelvis,  and  the  extension  of  the  members 
when  carried  forward,  must  (on  each  side)  be  equal  : without  this 
condition  the  body  will  deviate  from  a right  line,  and  be  carried 
from  the  side  opposite  to  the  limb  whose  motions  are  of  the 
gi’eatest  extent  ; as  it  is  difficult  to  make  the  two  limbs  perform 
successively  motions  of  the  same  extent,  we  always  tend  to  deviate 
from  a right  line,  and  would  so  deviate  effectually,  unless  we  were 
enabled  to  correct  it  by  the  eye.  We  may  be  easily  convinced  of 
this  in  walking  some  time  with  our  eyes  shut. 

We  have  described  the  mechanism  of  walking  forward  ; it"will 
not  be  difficult  to  acquire  an  idea  of  walking  backward  or  sideways. 

When  the  step  is  turned  backwards,  one  of  the  thighs  is  bent  Walking 
upon  the  pelvis,  while  the  leg  is  bent  upon  the  thigh  ; the  exten- 
sion of  the  thigh  upon  the  pelvis  succeeds,  and  the  whole  of  the 
limb  is  carried  back  ; the  leg  is  afterwards  extended  upon  the 
thigh,  the  point  of  the  foot  touches  the  ground,  and  afterwards  its 
whole  lower  surface.  The  instant  that  the  foot  which  went  back- 
wards touches  the  ground,  that  which  remains  before  is  raised  upon 
the  toe  ; the  corresponding  limb  is  prolonged  ; the  pelvis,  pushed 
back,  has  a rotatory  motion  upon  the  thigh  of  the  limb  directed 
backwards  ; the  limb  which  is  before  quits  the  ground  entirely, 
and  is  carried  back  of  itself  in  order  to  furnish  a new  fixed  point 
for  another  rotatory  motion  upon  the  pelvis,  which  the  opposite 
limb  will  produce. 

When  we  wish  to  walk  sideways,  we  at  first  bend  slightly  one 
of  the  thighs  upon  the  pelvis,  in  order  to  detach  the  foot  from  the 
ground  ; we  next  carry  the  whole  limb  in  a lateral  directiorr,  and 
afterwards  place  it  on  the  ground  ; we  then  place  the  other  limb 
beside  it,  and  so  on  for  the  rest.  In  this  case  there  is  no  rotation 
of  the  pelvis  upon  the  thighs. 

We  know  that  the  fatigue  is  much  greater  in  walking  upon  an  walking™ 
ascending  plane  ; in  this  kind  of  progre^ssion  the  flection  of  the 
limb  carried  first  forward  is  much  greater,  and  that  which  remains 
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behind  must  not  only  perform  the  rotatory  motion  upon  the  pelvis, 
but  it  must  rise  the  whole  weight  of  the  body,  in  order  to  carry 
it  forward  to  the  limb  which  is  before. 

The  contraction  of  the  anterior  muscles  of  the  thigh  carried 
forward  is  the  principal  cause  of  the  transport  of  the  weight  of  the 
body.  These  muscles  also  become  much  fatigued  in  the  action  of 
mounting  a stair,  or  any  other  ascending  plane. 

For  the  contrary  reason,  walking  upon  a descending  plane  is 
also  more  painful  than  on  a horizontal  one.  In  this  case  the  pos- 
terior muscles  of  the  trunk  must  be  forcibly  contracted,  to  prevent 
the  body  falling  forward. 

The  modes  of  progression  which  we  have  thus  rapidly  describ- 
ed require  necessarily  an  equal  action  of  all  the  articulations  of 
the  inferior  extremities  ; the  least  difficulty  in  the  play  of  the  arti- 
culating surfaces,  the  least  difference  in  the  length  or  form  of  the 
bones  of  the  two  limbs,  as  well  as  in  the  contracting  force  of  the 
muscles,  necessarily  causes  sensible  alterations  in  the  progression, 
and  renders  it  more  or  less  difficult. 

Of  leaping. 

If  we  examine  with  attention  this  sort  of  motion,  we  will  find 
that  the  body  of  man  becomes  a projectile,  and  that  it  follows  all 
the  laws  of  projectiles. 

Leaping  may  take  place  directly  upward,  forward,  backward, 
or  laterally,  &c.  ; but  in  all  these  cases  we  must  consider  the  phe- 
nomena which  precede  and  those  that  accompany  it.  Every 
species  of  leaping  necessarily  requires  a previous  flexion  of  one  or 
many  articulations  of  the  trunk  and  inferior  extremities  ; the  sud- 
den extension  of  the  bent  articulations  is  the  particular  cause  of 
leaping. 

Let  us  suppose  vertical  leaping  performed  in  the  ordinary 
manner  : the  head  is  a little  bent  upon  the  neck  ; the  vertebral 
column  is  bent  forward  ; the  pelvis  is  bent  upon  the  thigh,  the 
thigh  upon  the  leg,  and  the  leg  upon  the  foot  ; in  general,  the  heel 
presses  very  lightly  on  the  ground,  or  quits  it  entirely. 

To  this  general  state  of  flexion  succeeds  a rapid  extension  of 
all  the  articulations  formerly  bent  ; the  different  parts  of  the  body 
are  rapidly  raised  with  a force  which  surpasses  their  weight  by  a 
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quantity  which  is  variable  : thus  the  head  and  the  thorax  are  di- 
rected upward  by  the  extension  and  stretching  of  the  vertebral 
column  ; the  whole  of  the  trunk  is  directed  in  the  same  manner 
by  the  extension  of  the  pelvis  upon  the  thighs  ; the  thighs  by  ris- 
ing rapidly  act  in  the  same  manner  upon  the  pelvis  ; the  legs  push 
the  thighs  in  their  turn.  From  all  those  united  powers  there  re- 
sult such  a force  of  projection,  that  the  whole  body  is  thrown  up- 
wards, and  rises  in  proportion  as  the  power  is  greater  than  the 
weight  : it  then  falls  upon  the  ground,  presenting  the  same  pheno- 
mena as  any  other  body  which  falls  by  its  weight. 

In  the  general  spring  which  produces  leaping,  the  muscular 
action  has  not  every  where  the  same  intensity  : it  ought  evidently 
to  be  greater  in  that  part  where  the  weight  is  most  considerable  : 
on  this  account  the  muscles  that  determine  the  motion  of  exten- 
sion of  the  leg  upon  the  foot  are  those  that  have  the  greatest 
energy,  since  they  must  raise  the  whole  weight  of  the  body,  and 
give  it  an  impulse  greater  than  its  weight. 

These  muscles  present  also  the  most  favourable  disposition  ; 
they  are  very  strong,  and  they  are  inserted  in  a direction  perpen- 
dicular to  the  lever  which  they  move,  the  heel-bone,  and  they  act 
by  an  arm  of  the  lever  of  considerable  length. 

We  must  remark,  that  the  vertical  leap  does  not  result  from 
any  direct  impulse,  but  from  one  which  is  made  up  of  the  opposite 
impulses  of  the  body,  and  the  inferior  extremities,  at  the  moment 
of  leaping.  In  fact,  the  recovering  of  the  head,  of  the  vertebral 
column,  and  the  pelvis,  carries  the  trunk  as  much  backwards  as 
upwards  ; on  the  contrary,  the  motion  of  rotation  of  the  femur 
upon  the  tibia  brings  the  trunk  as  much  forwards  as  upwards.  The 
contrary  takes  place  in  the  motion  of  the  leg,  which  tends  to 
direct  the  trunk  upwards  and  backwards  : when  the  leap  is  vertical, 
the  eiforts  which  throw  the  body  forward  or  backward  neutralize 
each  other;  the  effort  upwards  is  the  only  one  which  takes  effect. 

If  the  leap  is  forward,  the  rotatory  motion  of  the  thigh  predo-  Leap  back- 
minates  over  the  impulsions  behind,  and  the  body  is  transported  forw'ids^ 
in  that  direction  : if  the  leap  is  backward,  the  motion  of  extension 
of  the  vertebral  column,  and  of  the  tibia  upon  the  foot,  is  the 
greatest. 

Length  of  bone  in  the  inferior  extremities  is  very  favour- 
able to  the  extent  of  leaping.  The  leap  forward,  by  which  we 
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pass  a groater  space  than  in  any  other  mode  of  leaping,  is  indebt- 
ed for  this  advantage  to  the  length  of  the  thigh. 

Sometimes  we  run  a greater  or  less  distance  before  leaping  ; we 
then  take  a spring,  as  it  is  called.  The  impulsion  which  the  body 
acquires  by  this  preliminary  force,  added  to  the  force  of  the  leap, 
gives  it  a greater  extent. 

The  arms  are  not  passive  in  the  production  of  the  leap  ; they 
approach  the  body  in  the  instant  in  which  the  articulations  are 
bent  ; they  separate  from  it,  on  the  contrary,  the  instant  the  body 
quits  the  ground.  The  resistance  which  they  present  to  the 
muscles  that  raise  them,  enables  these  muscles  to  exert  a power 
upon  the  trunk  in  drawing  it  upward,  which  contributes  to  the 
production  of  the  leap.  The  arms  will  be  useful  in  this  respect,  in 
proportion  as  they  present  a certain  resistance  to  the  muscles  by 
which  they  are  raised.  The  ancients  had  made  this  remark  ; they 
carried  in  their  hands  certain  weights,  which  they  called  halteres, 
when  they  wished  to  exercise  themselves  in  leaping.  By  previ- 
ously balancing  the  arms,  we  may  also  favour  the  production  of  the 
horizontal  leap,  in  giving  an  impulsion  forward  or  backward  to  the 
upper  part  of  the  trunk. 

One  of  the  lower  limbs  is  sufficient  to  produce  the  leap,  as 
when  we  hop  ; but  it  is  easily  understood  that  the  leap  is  neces- 
sarily of  less  extent  than  when  both  feet  are  employed.  Some- 
times we  leap  with  the  two  feet  joined,  and  parallel  to  each  other  ; 
sometimes  one  of  the  feet  is  carried  forward  during  the  projection 
of  the  body  : this  foot  then  receives  the  weight  of  the  body  the 
instant  it  touches  the  ground. 

No  species  of  impulsion  can  be  given  to  the  body,  at  the  instant 
of  its  rising,  by  the  plane  upon  which  it  rests,  unless  this  plane  is 
very  elastic,  and  joins  its  re-action  to  the  effort  of  the  muscles 
which  determine  the  projectile  motion  of  the  body. 

In  general  the  ground  gives  no  assistance  to  the  leap,  except  by 
resisting  the  pressure  of  the  foot.  Every  one  knows  that  it  is 
impossible  to  leap  when  the  ground  is  soft,  and  gives  way  under 
the  feet. 
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OJ  running. 

Running  results  from  the  combination  of  the  step  and  leap,  or  or  running, 
rather  it  consists  of  a succession  of  leaps  performed  alternately 
by  one  limb,  whilst  the  other  is  carried  forward  or  backward,  to 
be  placed  upon  the  ground,  and  produces  the  leap,  as  soon  as  the 
first  has  had  time  to  be  carried  forward  or  backward,  according  as 
the  running  may  take  place  in  the  one  or  the  other  direction.  We 
can  run  with  more  or  less  rapidity  ; but  in  running  there  is  always 
an  instant  in  which  the  body  is  suspended  in  the  air,  by  the  im- 
pulse which  is  given  to  it  by  the  limb  which  remains  behind,  if  we 
run  forward. 

Running  is  distinguished  by  this  character  from  rapid  walking, 
in  which  the  foot  carried  forward  always  touches  the  ground  be- 
fore that  which  is  behind  leaves  it.  For  the  same  reasons  that  we 
mentioned  in  the  article  Walking,  the  least  fatiguing  sort  of  run- 
ning is  that  which  takes  place  upon  a horizontal  plane  ; that 
which  takes  place  on  an  inclined  plane,  either  ascending  or  descend- 
ing, is  always  more  or  less  fatiguing,  and  cannot  be  long  conti- 
nued. 

We  will  not  describe,  even  shortly,  the  different  modifications 
of  many  progressive  motions,  such  as  climbing,  walking  on  crutches, 
on  stilts  or  artificial  limbs.  Neither  shall  we  describe  the  dif- 
ferent motions  of  dancing,  in  the  common  manner,  or  on  the  tight 
or  slack  rope  ; nor  the  motions  of  tumblers,  of  fencing,  of  riding, 
or  of  different  professions,  or  trades  ; considerations  of  this  kind 
would  be  very  important  ; but  they  ought  to  form  a complete 
treatise  of  animal  mechanics,  a work  which  is  still  wanting,  not- 
withstanding those  of  Borelii  and  Barthez.  We  will  say  only  a 
few  words  on  swimming. 


OJ  siüimming. 

The  body  of  man  is  of  a greater  specific  weight  than  water,  of  swimming 
consequently  being  placed  in  the  midst  of  a mass  of  that  liquid,  it 
will  tend  towards  the  lower  part  of  it  : this  motion  will  be  so 
much  more  easy  as  the  surface  it  presents  to  the  water  is  less. 

If,  for  example,  the  body  is  placed  vertically,  the  feet  below,  and 
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the  head  above,  it  will  go  much  quicker  to  the  bottom  than  if  it 
were  placed  horizontally  on  the  surface  of  the  liquid.  Some  indi- 
viduals, however,  have  the  faculty  of  rendering  themselves  speci- 
fically lighter  than  the  water,  and  therefore  they  remain  on  the 
surface  without  any  effort.  Their  art  consists  in  drawing  a great 
quantity  of  air  into  the  chest,  the  lightness  of  which  counterba- 
lances the  tendency  which  the  body  has  to  sink  in  the  water. 

Swimmers  do  not  follow  this  method  to  support  themselves 
upon  the  surface  of  the  water  ; they  are  supported  by  the  motions 
which  their  limbs  perform.  The  motions  of  the  swimmer  are  in- 
tended to  support  his  body  on  the  v/ater,  or  to  determine  its  pro- 
gression. 

Whatever  is  his  intention,  the  swimmer  must  so  act  upon  the 
water  that  it  may  present  a resistance  sufficient  to  support  his 
body,  or  to  permit  its  displacement  : with  this  intention,  it  is  ne- 
cessary only  to  strike  it  quicker  than  it  can  escape,  and  to  carry 
the  action  of  the  hands  or  the  feet  rapidly  over  a great  many  dif- 
ferent points,  because  the  resistance  is  gi-eat  in  proportion  to  the 
mass  of  water  that  is  displaced.  The  motions  of  the  inferior  ex- 
tremities in  swimming  in  the  ordinary  way,  la  brassée,  have  ana- 
logy with  those  which  they  perform  in  leaping. 

There  are  an  immense  variety  of  ways  of  swimming  ; but  on 
the  whole  it  is  necessary  to  strike  the  water  quicker  than  it  can 
be  displaced. 


Man  cannot  fly  ; his  weight,  compared  to  that  of  air,  is  too 
great,  and  the  force  of  the  contraction  of  his  muscles  is  too  weak. 
Every  attempt  made  by  man  to  sustain  himself  in  the  air,  by  the 
assistance  of  machines  like  the  wings  of  birds,  has  uniformly  failed.'* 


Influence  of  the  brain  upon  motions. 

Some  late  researches  have  afforded  a curious  fund  of  information 
respecting  the  influence  of  the  brain  upon  our  motions.  Science 
has  been  enriched  with  a store  of  entirely  new  facts,  which  enable 
us  to  consider  these  motions  under  a light  totally  different  from 
that  with  which  we  have  hitherto  been  obliged  to  be  contented. 
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I regret  that  the  nature  of  this  work  does  not  admit  of  present» 
ing  all  the  details  of  experiment;  but  I shall  endeavour,  in  the 
view  which  I am  about  to  give,  to  omit  nothing  important.  I re- 
fer to  my  physiological  journal,  where  all  these  researches  have 
been  published,  for  other  particulai’s. 

Influence  of  the  hemispheres  upon  motion. 

The  cerebral  hemispheres  may  be  cut  deeply  into  the  different  influence  of 
. II,  • hemispheres 

points  of  their  superior  surface,  without  any  marked  alteration  of  upon  motion. 

motion  taking  place. 

Even  their  entire  removal,  if  not  extended  to  the  corpora  striata, 
produces  no  appreciable  effect  ; except  what  may  easil)t  be  refer- 
red to  the  suffering  which  such  an  experiment  must  induce. 

The  results  are  not  alike  in  all  the  classes  of  vertebral  animals  : 
those  which  I have  described,  have  been  observed  in  the  mammi- 
fera,  and  especially  in  dogs,  cats,  rabbits,  guinea-pigs,  hedgehogs, 
squirrels. 

In  birds,  the  removal,  or  destruction  of  the  hemispheres,  the 
optic  tubercles  {thalami  optici)  remaining  entire,  often  gives  place 
to  a state  of  sopor  and  insensibility  which  was  first  described  by 
M.  Rolando  : but  I have  seen,  in  a number  of  cases,  the  birds  run, 
leap,  swim,  when  their  hemisphere  was  removed,  vision  alone  being 
extinguished,  according  to  what  I have  already  said. 

In  reptiles  and  fishes,  upon  which  I operated,  the  removal  of  the 
hemispheres  seemed  to  have  very  little  effect  upon  their  move- 
ments ; the  carp  swam  with  agility,  the  frogs  leaped  and  swam 
about  as  if  they  were  quite  untouched,  &c.  &c.  nor  did  sight  ap- 
pear to  be  abolished. 

The  spontaneousness  of  our  motions,  then,  does  not  appear  to 
belong  to  the  hemispheres  exclusively,  as  a young  physiologist 
has  recently  advanced.  This  fact,  true  in  certain  birds,  as  pigeons, 
adult  crows,  &c.  does  not  hold  in  other  birds,  and  is  entirely  in- 
applicable to  the  mammalia,  reptiles,  and  fishes  ; at  least,  to  the 
species  which  I have  myself  submitted  to  experiment. 

The  longitudinal  section  of  the  corpus  callosum,  and  its  removal, 
produces  no  additional  effect  upon  the  motions. 
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Whilst  the  hemispheres  alone  are  injured,  things  go  on  exactly 
as  I have  stated  ; but  if  the  section  to  extract  the  hemispheres  is 
made  immediately  behind  the  corpora  striata,  and  if  consequently 
the  latter  are  found  extracted  from  the  cranium,  the  animal  im- 
mediately darts  forward,  and  runs  with  rapidity  : if  it  stops,  it  still 
preserves  the  attitude  of  flight.  This  phenomenon  is  particularly 
remarkable  in  young  rabbits  ; one  would  say,  that  the  animal  is 
impelled  forward  by  a power  within,  which  it  cannot  resist  ; in 
this  rapid  course,  it  passes  sometimes  over  obstacles  which  it 
meets,  but  it  never  sees  them. 

It  is  important  to  remark,  that  these  elFects  only  take  place  in 
proportion  as  the  white  and  radiated  (or  striated)  portion  of  the 
corpora  striata  is  cut.  If  the  operation  is  limited  to  removing  the 
brown  matter  which  forms  a segment  of  a cone  recurved,  it  pro- 
duces no  modification  of  the  animal’s  movements. 

But  what  does  not  happen  from  the  abstraction  of  the  brown 
matter,  begins  to  shew  itself  at  the  instant  the  white  is  affected  ; 
the  animal  becomes  agitated,  restless,  endeavours  to  escape;  never- 
theless, if  one  only  of  the  corpora  striata  is  removed,  it  still  re- 
mains master  of  its  motions,  and  directs  them  towards  different 
parts,  or  stops  when  it  pleases  ; but  immediately  after  the  section 
of  the  second  of  the  corpora  striata,  the  creature  precipitates  itself 
forward,  as  if  impelled  by  an  irresistible  power. 

A disease  to  which  horses  are  subject,  appears  to  have  the 
greatest  analogy  with  this  singular  phenomenon.  It  is  named 
immobility  : the  animal  in  which  it  occurs,  or  the  immovable  horse, 
marches  easily  in  a forward  direction,  or  trots  or  gallops  in  it  even 
with  rapidity  : but  it  is  impossible  for  him  to  back,  and  often  he 
does  not  seem  able  to  arrest  his  progressive  motion. 

I have  opened  several  horses  who  had  been  in  that  state,  and 
found  in  all  a collection  of  water  in  the  lateral  ventricles,  which 
must  have  compressed  the  corpora  striata,  and  even  had  disorga- 
nized their  surface. 

Nay,  man  himself  is  sometimes  irresistibly  urged  to  a progres- 
sive forward  motion.  In  the  third  volume  of  my  journal,  M.  Pie- 
dagnel  has  recorded  a circumstance  of  this  nature. 
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After  the  relation  of  different  cerebral  symptoms  which  affected 
a person,  M.  Piedagnel  adds,  “ at  the  moment  of  the  greatest 
stupor,  all  at  once  he  arose,  walked  in  an  agitated  manner,  making 
several  turns  in  his  chamber,  and  only  stopping  when  he  was  fa- 
tigued. One  day  the  apartment  not  appearing  sufficient  to  him, 
he  went  out  and  walked  as  long  as  his  strength  permitted  ; he  re- 
mained out  above  two  hours,  and  was  brought  back  upon  a litter  ; 
he  had  fallen  down  upon  the  street  for  want  of  strength  to  return. 

Next  day  he  set  out  a second  time  ; his  wife  endeavoured  to  internal  force 
prevent  him,  he  grew  angry  and  would  have  beat  her  : she  then  w2d.^ 
let  him  go,  but  followed  him  : all  that  she  could  say  to  him  while 
endeavouring  to  learn  whither  he  was  going,  or  to  engage  him  to 
remain  at  rest,  was  fruitless  : it  was  only  after  walking  an  hour 
and  a half  without  object,  and  being  dragged,  as  it  tvere,  by  a force 
’which  he  could  not  resist,  that  feeling  himself  exhausted,  he  at  last 
stopt.”  Upon  opening  the  body  several  tubercles  were  found^ 
which  involved  in  a particular  manner  the  anterior  part  of  the  he- 
misphere. 

It  is  extremely  probable,  therefore,  that  there  exists  in  man,  and 
the  mammalia,  a force  or  impulse  at  all  times  operative,  which 
tends  to  carry  them  forwards.  In  the  healthy  state,  it  is  directed 
by  the  will,  and  seems  counterbalanced  by  another  force  which 
acts  in  a contrary  direction,  and  of  which  we  shall  soon  speak. 

This  phenomenon  does  not  appear  in  the  other  classes  of  verte- 
bral animals. 

Infuence  of  the  cerebellum  upon  general  motion. 

For  some  years  past  the  influence  of  the  cerebellum  upon  the  influence  of 
movements  of  the  body  has  been  studied  experimentally  by  several  upon^'m^ion 
persons,  but  especially  by  M.  Rolando  of  Turin,  who  regards  that 
organ  as  the  source  of  all  the  contractions  of  the  muscles. 

This  able  person  removed  the  cerebellum  from  several  mamma- 
lia and  birds,  and  he  observed  that  the  movements  diminished  in 
the  ratio  of  the  quantity  of  substance  subtracted  ; he  affirms  that 
all  motion  ceases  when  the  whole  organ  is  extracted. 

Founding  upon  this  result,  which  he  regards  as  general,  M.  Ro-  Opinion  of 
lando  endeavours  to  demonstrate  in  general  how  the  cerebellum  respecting  the 
may  produce  muscular  contractions  : the  great  number  of  plates 
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alternately  white  and  brown  which  it  presents,  appear  to  him  a 
voltaic  pile,  which  developes  electricity,  and  excites  these  move- 
ments. 

Although  the  fact  announced  by  M.  Rolando  has  often  pre- 
sented itself  to  my  observation,  I cannot  admit  the  explanation  of 
it  which  he  offers  ; for  I have  seen,  and  have  demonstrated  to 
others,  a great  many  times,  in  my  course  of  lectures,  animals  de- 
prived of  cerebellum,  and  which  nevertheless  executed  very  regu- 
lar movements. 

I have  seen,  for  instance,  hedgehogs  and  guinea-pigs,  deprived, 
not  only  of  the  brain,  but  also  of  the  cerebellum,  yet  rubbing  their 
noses  with  their  paws  in  front,  when  I put  a cruet  with  vinegar 
under  their  nostrils. 

Now  a single  positive  fact  is  here  of  more  value  than  all  the  ne- 
gative observations  put  together  ; and  let  no  one  suppose  that 
there  remained  any  doubt  of  the  entire  removal  of  the  cerebellum  ; 
the  operation  was  performed  in  a manner  that  left  no  room  for  the 
least  uncertainty. 

These  experiments  correspond  also  to  another  idea  proposed  by 
a young  French  physiologist,  M.  Flourens,  who  assigns  to  the  ce- 
rebellum the  property  of  being  the  regulator  or  balance  of  animal 
motion. 

A fact  which  has  been  observed  by  all  persons  who  have  made 
experiments  on  the  cerebellum,  is,  that  lesions  of  that  organ  cause 
animals  to  move  backwards,  and  even  to  perform  that  motion  con- 
trary to  their  inclination.  I have  often  seen  animals,  when  wound- 
ed in  the  cerebellum,  make  an  effort  to  advance,  but  immediately 
they  have  been  compelled  to  retrograde.  I preserved  for  eight 
days  a duck,  from  which  I had  removed  the  greater  part  of  the 
cerebellum,  and  which  made  no  progi'essive  movement  during  all 
that  time,  except  perhaps  when  I placed  it  in  water. 

I have  likewise  seen  injuries  of  the  medulla  oblongata  produce 
retrograde  motion,  so  that  I think  this  ought  not  to  be  referred  ex- 
clusively to  wounds  of  the  cerebellum.  Pigeons  into  which  I had 
forced  a pin  through  that  part,  constantly  receded  backwards,  in 
walking,  for  more  than  a month,  and  even  jieu}  backwards,  a sin- 
gular movement,  and  which  is  most  remote  from  the  usual  loco- 
motion of  that  bird. 

The  consequence  to  be  deduced  from  this  experiment  is  maui- 
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fest  : there  exists,  either  in  the  cerebellum,  or  medulla  oblongata, 
an  impelling  power,  which  tends  to  cause  animals  to  advance  for- 
wards by  walking. 

It  is  very  probable  that  this  force  exists  also  in  man.  Dr  Lau-  interior 

^ pow6r  urging 

rent,  of  Versailles,  has  lately  shewn  me,  and  demonstrated  to  the  backwards. 
Academy  of  Medicine,  a young  girl,  who  in  the  attacks  of  a ner- 
vous disease,  is  obliged  to  retrograde  pretty  rapidly,  without  being 
able  to  avoid,  the  obstacles  or  hollows  towards  which  she  may  be 
directed,  and  consequently  many  bruises  and  falls.  This  power 
is  in  direct  opposition  to  that  of  which  we  have  spoken  in  the  cor- 
pora striata. 

In  fine,  this  impulse  of  retrogression.only  exists  in  mammalia 
and  birds.  I have  often  removed  the  cerebellum  of  fishes,  and 
what  is  named  the  cerebellum  in  certain  reptiles,  and  I have  never 
seen  any  thing  which  resembled  the  phenomena  of  which  I have 
spoken  above.  These  creatures  continued  their  progressive  mo- 
tions, as  if  they  had  not  been  touched. 

By  the  results  stated,  we  have  been  enabled  to  render  very  pro- 
bable the  existence  of  two  inferior  forces  or  energies,  which  must 
be  in  equilibrium  in  the  sound  state,  and  which  must  shew  them- 
selves, when  by  injuries  of  the  corpora  striata  or  cerebellum,  the 
one  or  the  other  shall  have  been  rendered  preponderant. 

These  two  energies  do  not  appear  to  be  the  only  ones  which 
take  their  rise  in  the  cerebro-spinal  system  ; there  probably  exist 
two  others,  which  preside  over  the  lateral  movements  and  the  ro- 
tation of  the  body. 

Influence  of  the  'peduncles  of  the  cerebellum  upon  animal 
motions. 

If  one  of  the  peduncles  of  the  cerebellum  is  divided  in  a living  influeuce  of 
animal,  immediately  the  animal  begins  to  roll  laterally  upon  itself,  of  thereïeM! 
as  if  it  were  impelled  by  a very  great  force  ; the  rotation  is  made  mSmo't?ons.^ 
upon  the  side  where  the  peduncle  is  cut,  and  sometimes  with  such 
rapidity,  that  the  animal  makes  more  than  sixty  revolutions  in  a 
minute. 

The  same  sort  of  efiect  is  produced  by  all  the  vertical  sections 
of  the  cerebellum  which  embrace  from  before  backwards  the  en- 
tire thickness  of  the  medullary  arch  which  it  forms  above  the  fourth 
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ventricle  ; with  this  remarkable  circumstance,  that  the  motion  is 
so  much  the  more  rapid,  as  the  section  is  nearer  to  the  origin  of 
the  peduncles,  in  other  words,  to  their  communication  with  the 
pons  varolii. 

The  duration  of  these  effects  is  not  limited  to  a few  hours  ; I 
have  seen  them  continue  for  eight  days,  without  stopping,  to  speak 
properly,  for  a single  instant  : the  animals,  did  not  seem  to  suffer, 
they  remained  at  rest  when  a mechanical  obstacle  was  opposed  to 
their  rotation  ; often  at  that  time  they  had  their  legs  in  the  air,  and 
eat  their  food  in  that  attitude. 

One  of  the  most  curious  experiments  was  where  I divided  the 
cerebellum  into  two  lateral  bodies,  perfectly  equal  : the  animal  ap- 
peared then  alternately  impelled  to  the  right  aud  to  the  left,  with- 
out preserving  any  fixed  situation  : so  it  first  rolled  one  turn  or 
two  upon  the  one  side,  and  immediately  changed  this,  as  for  re- 
lief, and  turned  as  many  times  upon  the  side  opposite. 

Influence  of  the  pons  Varolii  upon  animal  motion. 

Every  one  knows  that  the  peduncles  of  the  cerebellum  ai'e  con- 
tinuous with  the  pons  varolii,  and  that  there  exists  thus  a complete 
circle  around  the  medulla  oblongata  ; a circle,  of  which  the  upper 
half  is  formed  by  the  arch  which  represents  the  cerebellum,  and  of 
which  the  lower  is  represented  by  the  pons,  and  more  exactly  by 
that  part  which  is  at  present  named  the  commissura  cerehelli.  I 
have  already  explained  what  happens  from  the  vertical  section  of 
the  superior  semicircle  ; and  I have  discovered,  by  experiment, 
that  the  case  is  the  same  for  the  inferior  circle. 

All  the  vertical  sections  made  from  before  backwards  upon  the 
pons  varolii,  pi'oduce  movements  of  rotation  which  have  been  de- 
scribed, and  in  a similar  manner  : — the  sections  made  to  the  left  of 
the  median  line  determine  the  rotation  to  the  left,  and  vice  versa. 
I have  never  been  able  to  succeed  in  making  a section  exactly 
along  the  median  line,  so  that  I know  not  whether  the  same  thing 
obtains  of  this  in  the  pons  as  in  the  cerebellum. 

However  it  be,  we  may  conclude  from  these  facts,  that  there  exist 
two  forces,  which  balance  each  other,  and  which  tend  across  the 
circle  formed  by  the  pons  Varolii  and  the  cerebellum.  To  put  this 
beyond  doubt,  the  following  experiment  is  necessary.  Divide  one 
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peduncle,  immediately  the  animal  will  roll  over  upon  itself,  as  has 
been  said  ; cut  then  that  of  the  opposite  side,  and  immediately  the 
animal  will  have  even  lost  the  power  of  holding  itself  erect,  and 
of  walking.  ^ 

I do  not  pretend  to  express  here  with  the  necessary  exactness 
the  nature  of  the  phenomena  wdiich  have  been  described  ; but  as  the 
understanding  requires  certain  images  upon  which  it  may  rest,  I 
shall  say  that  there  exist  in  the  brain  four  spontaneous  impulses 
or  energies,  which,  if  they  were  to  be  placed  at  the  extremities  of 
two  lines  cutting  each  other  at  right  angles  ; the  first  would  push 
forwards,  the  second  backwards,  the  third  from  right  to  left,  caus- 
ing the  body  to  roll  ; the  fourth  from  left  to  right,  making  it  per- 
form a movement  similar  to  rotation. 

In  the  different  experiments  from  which  I have  drawn  these 
consequences,  the  animals  became  a sort  of  automatons,  fitted  up 
to  execute  such  and  such  motions,  and  were  incapable  of  produc- 
ing any  other. 

These  four  general  movements  are  not  the  only  ones  which  are  Four  chief 

impulses  in 

produced  by  lesions  operated  upon  the  nervous  system.  A move-  the  brain, 
ment  in  a circle,  from  right  to  left,  resembling  that  of  the  manege, 
shows  itself  upon  a section  of  the  medulla  oblongata,  made  so  as  to  Mutual  im- 
affect  the  portion  of  that  medulla  which  approaches  the  exterior  ?uiar  mové- 
of  the  anterior  pyramid  (or  lateral  aspect).  In  order  to  perform 
this  experiment,  I employed  a rabbit  of  three  or  four  months,  and 
exposed  the  fourth  ventricle  ; then,  raising  the  cerebellum,  I made  a 
perpendicular  section  to  the  surface  of  the  ventricle,  and  to  from 
to  1 j of  a line  *,  on  the  outside  of  the  medfan  plane.  If  I cut  on 
the  right  side,  the  animal  turned  to  the  right  ; and  to  the  left,  if  I 
made  the  incision  on  that  side. 

Here,  then,  are  two  new  energies  impelling  to  movements  diffe- 
rent from  the  four  principal  ones  which  I at  first  described. 

Injiuence  of  the  pyramidal  bodies  upon  motion. 

In  making  those  experiments,  I have  established  a fact  which  is  influence  of 
of  great  pathological  importance-  It  is  generally  known,  and  the  ormoUon”^' 


* .11811  to  .15748  of  an  inch,  English. 
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clinical  physician  confirms  it  every  day  : namely,  that  the  compres- 
sion of  one  hemisphere  determines  the  paralysis  of  the  half  of  the 
body  opposite  to  the  hemisphere  compressed.  This  crossing  effect 
obtains  most  frequently  upon  both  motion  and  sensation,  but,  in 
certain  cases,  only  paralyzes  either  the  one,  or  the  other,  of  these 
two  phenomena.  The  anatomical  researches  of  Drs  Gall  and 
Spurzheim,  by  making  better  known  the  decussation  of  the  corpora 
pyramidalia  at  the  anterior  aspect  of  the  spinal  marrow,  and  their 
apparent  continuation  into  the  radiated  fibres  of  the  corpora  striata, 
rendered  it  very  probable,  that  the  transmission  of  the  noxious 
effects  of  compression  takes  place  in  the  decussating  fibrils  of  the 
corpora  pyramidalia. 

1 endeavoured  to  ascertain,  from  experiment,  whether  this  idea 
was  well  founded.  Accordingly,  I divided  it  directly,  in  living  ani- 
mals, commencing  at  the  fourth  ventricle,  and  I remarked  not  the 
least  sensible  lesion  in  the  movements,  and  above  all,  I never  per- 
ceived any  palsy,  neither  of  the  side  injured,  nor  of  that  opposite  : 
I did  more,  I divided  the  two  pyramids  entirely  across,  about  the 
middle  of  their  length,  and  no  apparent  derangement  of  the  mo- 
tions followed  : I merely  thought  I could  perceive  a little  difficulty 
in  their  progression  forwards. 

The  division  of  the  posterior  pyramids,  or  processus  restiformes, 
produces  no  visible  alteration  of  the  general  movements  ; and  to  ob- 
tain the  paralysis  of  the  one  half  of  the  body,  it  is  necessary  to  cut 
through  one  half  of  the  medulla  oblongata,  and  then  the  corres- 
ponding side  becomes  not  immovable,  for  it  presents  several  irre- 
gular motions  ; not  insensible,  for  the  animal  moves  its  members 
when  we  pinch  it  ; but  that  half  of  the  body  becomes  incapable  of 
obeying  the  determinations  of  the  will. 

Of  the  attitudes  and  motions  at  d^erent  ages- 

Attitudes  and  Fiom  the  embrvo  state  to  the  agre  of  eighteen  or  twenty  years, 

motions  in  dif-  ' , . f T ■ , • T • 

ferentages.  the  bones  Constantly  change  their  form  and  size  ; during  the  time, 
therefore,  that  ossification  continues,  the  attitudes  and  motions  must 
present  changes  analogous  to  those  that  the  skeleton  undergoes. 
We  have  already  seen  that  the  muscles  and  muscular  contraction 
are  also  modified  by  the  state  of  the  fetus,  by  infancy,  youth,  &c.  ; 
the  same  circumstances  have  much  influence  upon  the  motions. 
Generally  at  twenty,  or  twenty-two  years,  the  growth  of  the  hones 
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is  finished  ; but  they  continue  to  grow  in  thickness  beyond  adult 
age  ; tlien  every  sort  of  increase  ceases,  and  the  changes  that  the 
bones  suffer,  up  to  decrepit  old  age,  relate  only  to  the  nutrition  of 
these  organs,  and  their  chemical  composition. 

The  position  of  the  fetus  in  the  uterus  depends  on  circumstan- Attitude  of 
ces  still  very  little  known  ; its  head  is  generally  turned  downward, 
which  probably  depends  upon  its  weight  being  more  considerable  ; 
but  why  does  the  occiput  coirespond  almost  always  to  the  part  of 
the  pelvis  above  the  left  acetabulum  ? 

Why  does  it  sometimes  happen  that  the  fetus  is  placed  in  a quite 
different  manner,  for  example,  with  the  thighs  below,  sometimes 
directed  to  the  right,  sometimes  to  the  left  side  ? This  is  not 
known. 

The  thighs  of  the  fetus  are  bent  upon  the  abdomen,  the  legs  are 
applied  to  the  thighs,  the  arms  are  crossed  upon  the  anterior  part 
of  the  trunk,  and  the  head  is  generally  bent  upon  the  chest  ; so 
that  the  fetus  fills  the  least  space  possible.  This  position  does  not 
depend  on  a continued  muscular  contraction,  it  is  the  effect  of  the 
tendency  that  the  muscles  have  to  shorten  themselves:  iu  a more 
advanced  age,  we  often  assume  this  position  when  we  wish  to 
relax  all  the  muscles. 

Four  months  after  conception  the  fetus  begins  to  make  partial  Motious  of 
motions,  and  perhaps  some  slight  movements,  which  displace  the 
whole  body.  These  motions  are  irregular,  they  take  place  at  vari- 
able periods,  they  continue  until  the  end  of  pregnancy,  and,  to 
judge  by  the  places  where  they  are  felt,  they  are  frequently  exerted 
by  the  inferior  extremities.  We  cannot  believe  that  they  depend 
on  the  will,  for  the  intellect  does  not  then  exist,  and  acepha- 
lous fetuses,  that  is,  those  without  brain,  present  them  as  well  as 
others. 

A new  born  child  can  take  no  position  of  itself,  it  keeps  that  Attitudes  of 
which  is  given  it  ; it  is,  however,  perceived  that  lying  on  the  back 
pleases  it  best,  which,  in  fact,  is  in  correspondence  with  the 
weakness  of  its  muscular  system.  Its  superior  and  inferior  extre- 
mities offer  pretty  strong  motions  ; its  physiognomy  is  without  ex- 
pression. 

At  the  end  of  two  or  three  months  the  infant  changes  its  atti-  Motionsof 
tude,  of  itself,  when  left  at  liberty  ; it  lies  on  its  side,  on  its  belly,  ’ 
turns  its  head  ; the  motions  of  its  limbs  are  more  numerous,  and 
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more  energetic  ; it  seizes  more  forcibly  the  bodies  wliich  are  pre- 
sented  to  it,  and  carries  them  to  its  mouth  ; when  sucking  it  com- 
presses more  forcibly  the  breast  of  its  mother,  &c.  ; but  it  is  not 
Reasons  why  able  to  Stand,  nor  even  to  sit.  The  principal  reasons  of  this  are  : 
not  stand.  the  head  is  proportionally  too  voluminous,  and  too  heavy  ; it  falls 
forward,  not  being  properly  sustained  bymuscular  power;  the  weight 
of  the  pectoral,  and  particularly  of  the  abdominal  viscera,  is  very 
great  ; the  vertebral  column  presents  only  one  curve,  the  convexity 
. of  which  is  behind.  The  posterior  muscles  of  the  trunk  are  much 
too  weak  to  resist  the  inclination  of  the  vertebral  column  to  fall 
forward  ; but  besides,  the  spinous  processes  do  not  exist,  so  that 
the  arm  of  the  lever  by  which  they  act  is  very  short,  a circumstance 
unfavourable  to  their  action  ; the  pelvis,  very  small,  and  very  much 
inclined  forward,  scarcely  supports  the  weight  of  the  abdominal  vis- 
cera. The  inferior  extremities  are  very  little  developed,  and  their 
muscles  are  too  weak  to  balance  for  an  instant  the  inclination  of 
the  body  forward.  Any  sort  of  standing  is  then  impossible.  How- 
ever, it  frequently  happens  that  the  child,  by  using  its  superior  and 
inferior  limbs,  can  move  itself  to  small  distances  ; and  because  this 
sort  of  motion  has  an  analogy  with  that  of  certain  animals,  some 
sophists  have  pretended  that  man  was  naturally  a quadruped,  and 
that  standing  on  two  feet  was  an  acquirement  dependent  on  social 
life.  In  order  that  this  idea  should  have  some  foundation,  the  or- 
gans of  motion  in  the  adult  ought  to  be  disposed  like  those  of  the 
child  : but  we  have  seen  that  they  are  quite  different. 

Towards  the  end  of  the  first  year,  sometimes  at  the  beginning  of 
the  second,  sooner  or  later,  by  the  effect  of  development  of  the 
bones,  of  the  muscles,  &c.,  by  the  diminution  of  the  volume,  and  of 
the  proportional  weight  of  the  head,  of  the  abdominal  viscera,  &c., 
the  child  succeeds  in  standing,  but  it  cannot  yet  walk  ; it  soon  ac- 
complishes this  by  taking  hold  of  bodies  that  are  near  it  ; at  last, 
it  walks  alone,  but  tottering,  and  the  least  obstacle  makes  it  fall. 
The  step  is  the  only  sort  of  locomotion  it  can  exert  at  first  ; in 
general,  it  is  a considerable  time  before  the  child  is  able  to  run, 

. and  still  longer  before  it  can  leap  ; but  after  it  is  once  confirmed 
in  the  different  progressive  motions,  it  is  in  continual  agitation  ; it 
acquires  agility  and  address  ; it  then  contracts  a taste  for  different 
kinds  of  sports,  which  almost  all,«particularly  with  boys,  serve  to 
exercise  the  organs  of  locomotion  and  understanding. 
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In  respect  to  physiology,  the  sports  of  children  are  worthy  of 
observation.  Let  them  be  studied  with  attention,  and  we  will  see 
that  they  are  the  models  of  the  actions  of.  the  adult  : the  same  re- 
semblance may  be  ascertained  in  young  animals  ; the  motions  of 
which  are  the  same,  in  a certain  degree,  as  those  they  perform  af- 
tei  wards. 

In  the  sports  of  children,  we  must  not  confound  those  that  are 
purely  instinctive  with  those  that  depend  upon  imitation. 

From  youth  to  adult  asre,  and  even  beyond  it,  all  the  pheno-  Attitudes  and 

^ ® ^ ^ motions  from 

mena  that  relate  to  attitudes  and  motions^  are  in  their  greatest  youth  to  adult 

° 

perfection  ; with  age  they  only  become  more  energetic,  but  in  old 
age,  they  suffer  a notable  alteration,  which  depends  on  the  weak- 
ened state  of  muscular  contraction.  As  this  contraction  does  not  Atuydes  and 
then  take  place  but  with  a certain  trembling,  unsteady  effort,  the 
attitudes  and  motions  are  in  consequence  affected.  The  old  man, 
whether  walking  or  standing,  is  generally  bent  forward  ; the  pelvis 
bent  upon  the  thighs,  these  upon  the  legs  ; and  lastly,  the  legs  are 
inclined  forward  upon  the  feet-  This  state  of  general  semiflexion 
depends  on  the  weakness  of  the  muscular  force,  which  has  no 
longer  sufficient  energy  to  keep  the  body  straight. 

The  old  man  has  also  a great  advantage  in  using  a stick,  by 
which  means  he  enlarges  the  base  of  support,  and  transmits  the  up- 
per parts  of  the  body  directly  to  the  ground. 

The  motions  are  of  an  extreme  difficulty  in  decrepitude,  some- 
times entirely  impossible. 


Relations  of  the  sensations  xeith  attitudes  and  motions. 

The  sensations  affect  the  attitudes  and  motions  ; these,  in  their  Relations  of 
turn,  have  an  influence  upon  sensations.  ^Sattimdes 

Sight  contributes  much  to  the  firmness  of  most  of  our  attitudes  ; of 

we  judge  by  it  of  the  position  of  our  body  in  respect  of  those  bo-  I'ftHudls 'and 
dies  that  surround  us.  Thus,  when  we  are  deprived  of  this  means 
of  judging  of  our  equilibrium,  as  when  we  are  on  the  top  of  a 
house,  or  on  any  elevated  place,  where  we  are  only  surrounded  by 
the  air,  our  standing  on  two  feet  becomes  uncertain,  and  it  some- 
times happens  that  we  cannot  stand  at  all. 

The  utility  of  sight  is  still  greater  if  the  base  of  support  is  very 
narrow.  A rope-dancer  could  not  stand  erect,  if  he  were  not 
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Important 
distinction 
relative  to 
gestures. 


Natural  or  in- 
stinctive ges- 
tures. 


Acquired  or 
social  ges- 
tures. 


continually  directed  by  the  eye  as  to  the  position  necessary  to  be 
preserved,  in  order  that  the  perpendicular  drawn  from  his  centre 
of  gravity  may  fall  upon  the  base  of  support.  Generally,  what- 
ever is  our  attitude,  it  is  very  unstable,  if  we  cannot  avail  ourselves 
of  sight.  We  may  ascertain  this  fact  by  examining  the  posture 
and  attitudes  of  a blind  person. 

If  sight  is  of  such  great  assistance  to  the  attitudes,  it  ought  to  be 
much  more  so  in  the  different  sorts  of  partial  and  locomotive  mo- 
tions. In  fact,  sight  enlightens  and  favours  our  motions  ; it  gives 
them  precision,  and  the  necessary  rapidity  ; it  directs  them  in  al- 
most all  cases.  If  the  eyes  of  an  active  man  are  bound,  he  loses 
nearly  all  his  advantages  ; he  walks  timidly,  particularly  if  lie  does 
not  know  perfectly  the  place  in  which  he  is  ; all  his  motions  have 
the  same  character  : the  same  phenomena  exist  in  blind  people, 
who  may  be  easily  known  by  their  slightest  motions,  at  least  if 
they  are  not  motions  which  are  very  familiar  to  them.  The  ab- 
sence of  sight  disposes  to  immobility;  the  use  of  this  sense,  on  the 
contrary,  excites  to  motion  ; every  one  knows  that  we  are  strongly 
tempted  to  seize  and  touch  objects  that  we  see  for  the  first  time. 

The  consideration  of  the  relations  of  sight  and  motion  cause  us 
to  remark,  that  those  which  are  intended  to  express  our  intellec- 
tual operations  are  instinctive,  and  that  they  may  be  comprehended 
under  the  general  name  of  gestures  ; which  may  be  divided  into 
those  that  are  intimately  connected  with  organization,  and  conse- 
quently exist  always  in  man,  in  whatever  state  he  is  ; and  into 
those  that  are  in  the  social  state,  and  become  perfect  along  with  it. 

The  first  are  intended  to  express  the  most  simple  wants,  vivid 
internal  sensations,  as  joy,  sorrow,  fright,  &c.  : so  that,  in  the  ani- 
mal passions,  the  natural  gestures  are  to  the  motions  what  the  cry 
is  to  the  voice.  They  are  observed  in  the  idiot,  the  savage,  the 
person  born  blind,  as  well  as  in  civilized  man  who  enjoys  all  phy- 
sical and  moral  advantages. 

Gestures  of  the  second  sort  can  exist  only  in  society,  they  sup- 
pose sight  and  intellect  ; they  are  not  seen,  therefore,  in  the  person 
blind  from  birth,  in  the  idiot,  nor  in  an  individual  who  has  always 
lived  alone.  They  may  be  called  acquired  or  social  gestures,  ana- 
logous to  acquired  voice.  Probably  by  procuring  sight  to  a per- 
son blind  from  birth,  we  might  at  the  same  time  confer  upon  him 
the  acquisition  of  those  particular  gestures  of  which  we  speak.  The 
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gestures  of  a person  born  blind  may  be  supposed  exactly  in  the 
same  case  as  the  voice  of  a person  deaf  from  birth.  These  two 
phenomena  mutually  supply  each  other. 

The  deaf  and  dumb  person  makes  a continual  use  of  gestures, 
and  carries  them  to  a high  degree  of  perfection  ; on  the  contrary, 
the  voice  alone  is  used  as  a means  of  expression  by  the  blind  per- 
son : thence  his  taste  for  singing  and  speech,  and  the  accent  he 
gives  to  his  voice. 

Hearing  is  not  without  influence  upon  the  motions  ; this  sense 
sometimes  contributes  with  the  sight  to  direct,  and  particularly  to 
measure  them,  to  make  them  return  at  equal  intervals,  and  to  pro- 
duce a certain  number  of  them  in  a given  time,  as  in  dancing  or 
military  marches.  It  has  been  long  remarked,  that  measured 
movements  executed  to  the  sound  of  music  or  the  noise  of  a drum, 
are  less  fatiguing  than  others;  this  is  because  they  are  regular, 
that  every  muscle  contracts  and  relaxes  alternately,  and  the  time 
of  repose  is  equal  to  that  of  action.  It  ought  to  be  added,  that 
music  and  even  noise  excites  to  motion. 

The  relations  of  smell  and  taste  with  the  attitudes  and  motions 
are  too  unimportant  to  be  noticed.  With  regard  to  touch,  as 
muscular  contraction  is  inseparable  from  it  (for  without  it  sensa- 
tion cannot  take  place),  we  may  easily  see  that  it  is  intimately 
connected  with  all  the  phenomena  that  depend  on  muscular  con- 
traction. 

The  internal  sensations  have  not  less  influence  upon  the  difle- 
rent  attitudes  and  motions  of  the  body  than  the  external  ones. 
Who  could  not  recognise  by  his  position  a man  suffering  severe 
pain,  or  even  a sensation  of  another  kind  ? We  may  even,  in  a 
certain  degree,  determine  the  seat  of  a painful  affection,  by  the 
particular  position  or  motion  of  the  sick  person.  It  is  well  known, 
that  a violent  colic  causes  the  person  affected  to  bend  the  chest 
upon  the  pelvis,  and  to  place  his  hands  upon  the  abdomen  : that 
a violent  stitch  in  the  side  causes  him  to  lie  upon  the  side  affected  ; 
that  the  presence  of  a stone  in  the  bladder  causes  the  patient  to 
assume  particular  attitudes. 

We  have  seen  the  influence  of  sensations  upon  the  attitudes 
and  motions  ; these  re-act  in  the  same  way  upon  the  action  of 
the  senses  ; the  different  attitudes  are  favourable  or  unfavourable 
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Relations  of 
the  will  to  the 
attitudes  and 
motions. 


The  will  Is^ 
the  occasion 
of  the  mo- 
tions, but 
does  not  di- 
rectly pro- 
duce them. 


Influence  of 
the  brain  and 
spinal  mar- 
row on  the 
production 
of  motion. 


to  the  development  of  the  external  sensations  ; the  motions  have 
not  a less  share  in  it.  There  are  partial  motions,  proper  to  every 
sense,  and  which  favour  its  action  ; besides,  almost  all  the  senses 
have  particular  muscles,  that  make  an  essential  part  of  the  sensi- 
tive appaiatus,  as  is  seen  in  the  ear,  the  eye,  the  hand,  &c. 

Relations  oj the  attitudes  and  motions  to  the  'will. 

The  attitudes  and  motions  that  we  have  described  are  generally 
called  voluntary,  because  they  are  said  to  be  under  the  immediate 
influence  of  the  will.  This  operation  is  true  in  a certain  respect, 
but  it  is  not  so  in  others  ; w'e  must  therefore  explain  this  point. 

After  a determination  of  the  will,  a motion  is  produced  : no 
doubt  the  will  has  been  the  occasion  of  its  development  ; but  all 
the  phenomena  which  take  place,  even  for  the  production  of  mo- 
tion, are  not  any  longer  under  the  power  of  the  will.  I can  move 
my  hand  or  my  arm,  but  I cannot  contract  either  singly  or  wholly 
the  muscles  of  these  parts,  if  I have  no  idea  of  a motion  to  be 
produced.  It  is  the  same  with  the  contraction  of  all  the  muscles, 
which  are  considered  as  entirely  subject  to  the  will.  How  would 
we  separately  contract  the  external  obturator,  or  any  other  muscle 
xvhich  does  not  produce  a determined  motion  peculiar  to  itself? 
It  would  be  impossible. 

We  may  then  affirm  that  the  will  is  the  determining  cause  of 
motion  ; but  even  the  production  of  the  muscular  contraction, 
which  is  necessary  to  its  taking  place,  does  not  depend  on  this 
cerebral  action  ; it  is  purely  instinctive. 

After  these  considerations,  we  ought  to  conclude  that  the  will, 
and  the  action  of  the  brain  which  produces  directly  muscular  con- 
traction, are  two  distinct  phenomena  ; but  the  direct  experiments 
of  modern  physiologists,  and  those  which  we  have  related  under 
the  article  of  the  influence  of  the  brain  and  cerebellum  upon  ani- 
mal motions,  have  set  this  truth  in  the  strongest  light.  These 
experiments  have  demonstrated  that  the  will  has  more  particularly 
its  seat  in  the  cerebral  hemispheres.  The  direct  cause  of  motion 
seems,  on  the  contrary,  to  have  its  seat  in  the  spinal  marrow. 
If  we  separate  the  spinal  raaiTow  from  the  rest  of  the  brain  by  a 
section  made  behind  the  occipital  bone,  we  prevent  the  will  from 
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determining  and  directing  the  motions  ; but  they  are  nevertheless 
produced  : in  reality,  as  soon  as  the  separation  is  made,  they  be- 
come very  irregular  in  extent,  rapidity,  duration,  direction,  &c. 

I had  lately  under  my  eye  a disease  which  presented  the  singu- 
lar spectacle  of  a complete  separation  of  the  will  from  those  powers 
which  directly  preside  over  our  motions.  The  following  is  a brief 
sketch  of  the  case. 

M **  *,  aged  36,  of  an  elegant  person  and  cultivated  under- 
standing, of  easy  and  agreeable  manners,  but  great  nervous  suscep- 
tibility, had  led  a life  of  fashion  till  the  period  of  his  marriage, 
about  six  years  ago.  From  that  time  he  was  obliged  to  apply 
himself  to  business.  He  experienced  some  annoying  crosses,  and 
was  further  exposed  to  chagrin  from  a mental  affection,  which  su- 
pervened to  his  wife,  at  the  time  of  her  first  accouchement.  He 
did  not  quit  her  for  a moment  during  all  that  illness  ; he  accompa- 
nied her  on  a journey,  and  thus  became  daily  witness,  during  more 
than  a year,  of  the  wandering  and  convulsive  agitation  of  a being 
whom  he  tenderly  loved.  The  complete  cure  of  Madame  M * * 
put  a period  to  the  moral  tortures  which  her  husband  had  suffered 
but,  in  place  of  giving  way  to  the  joy  that  so  happy  an  event  would 
naturally  have  occasioned,  he  remained  gloomy  and  silent,  and  by 
degrees  presented  all  the  signs  of  a true  melancholy  ; believing  his 
fortune  inevitably  lost,  and  persuading  himself  that  he  was  the  ob- 
ject of  the  jealousy  of  the  government,  of  the  vigilance  of  the  po- 
lice, and  of  the  ridicule  of  the  public.  His  understanding  preserv- 
ed its  integrity  in  every  other  respect.  He  was  directed  to  travel, 
to  drink  the  medicinal  waters,  and  to  submit  to  various  modes  of 
treatment,  without  any  success. 

Things  were  in  this  state,  when,  in  the  month  of  September 
last,  he  was  seized  with  a rigidity  in  the  right  leg  and  thigh,  which 
made  him  halt  in  walking.  A few  days  after,  a like  stiffness  af- 
fected the  opposite  leg  and  thigh  ; then  he  lost  all  influence  of  the 
will  upon  his  movements.  The  latter,  nevertheless,  were  far  from 
being  pai’alyzed  ; but  they  were  in  short  left  free  to  themselves  for 
whole  hours  : and  this  unhappy  young  man  was  then  obliged  to 
go  through  the  most  irregular  motions,  to  take  the  strangest  atti- 
tudes, and  to  make  the  most  extraordinary  contortions.  It  is  im- 
possible to  paint  by  language  the  variety  and  oddity  of  his  motions 
and  positions.  Had  he  lived  in  the  times  of  ignorance,  he  would 
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beyond  all  doubt  have  passed  for  one  possessed  : for  his  contortions 
were  so  far  removed  from  the  motions  proper  to  mankind,  that 
they  might  easily  have  passed  for  diabolical.  It  was  worthy  of  re- 
mark, that  in  the  midst  of  these  contortions,  in  which  his  slender 
and  pliant  body  was  sometimes  carried  forward,  sometimes  thrown 
back,  or  to  one  side,  like  certain  tumblers,  he  never  lost  his  equi- 
librium ; and  that  in  the  multiplicity  of  attitudes  and  singular  mo- 
tions which  he  exhibited  for  several  months,  he  never  once  hap- 
pened to  fall. 

At  certain  times,  his  motions  would  pass  into  the  train  of  ordi- 
nary actions  : thus,  without  the  least  participation  of  his  will,  he 
was  seen  to  rise  and  walk  with  rapidity,  until  he  met  with  a solid 
body  that  opposed  his  passage  ; sometimes  he  walked  backward 
with  the  same  readiness,  and  was  only  stopt  by  a similar  cause. 

He  has  often  been  observed  to  re-assume  the  power  over  cer- 
tain motions,  without  being  in  any  way  capable  of  directing  others. 
Thus  his  arms  and  hands  frequently  obeyed  his  will,  and  more  fre- 
quently still  the  muscles  of  his  countenance  and  speech.  It  was 
sometimes  possible  for  him  to  retrograde  in  an  instant,  where  pro- 
gression forwards  was  any  how  prevented  ; and  he  then  employed 
that  retrograde  motion  to  direct  himself  towards  objects  to  which 
he  wished  to  attend. 

Finally,  these  movements,  which  might  be  called  automatic, 
never  lasted  an  entire  day.  He  enjoyed  pretty  long  quiet  intervals 
between  the  accessions  : his  nights  were  always  tranquil. 

Although  his  muscular  contractions  were  extremely  violent, 
even  to  the  extent  of  producing  abundant  sweats  ; when  they  had 
ceased,  he  perceived  no  sensation  of  fatigue  in  proportion  to  the 
efiforts  which  he  had  made  : as  if  the  intellectual  action  which  we 
exert  to  excite  our  motions,  were  that  which,  in  the  healthy,  suf- 
fers most  exhaustion. 

If  the  action  of  the  brain  which  produces  muscular  contraction 
be  a phenomenon  distinct  from  the  will,  we  can  easily  conceive 
why,  in  certain  cases,  these  motions  are  not  produced,  though 
commanded  by  the  will  ; and  why,  in  certain  circumstances  of  a 
contrary  nature,  very  extensive  and  energetic  motions  are  de- 
veloped without  any  participation  of  the  will,  as  is  seen  frequently 
in  many  diseases. 

For  the  same  reason  we  conceive  why  it  is  very  difficult,  some- 
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times  impossible,  to  take  an  attitude  which  is  new  to  us,  or  to 
perform  a movement  for  the  first  time;  why  all  the  arts,  such  as 
dancing,  fencing,  &c.  which  are  founded  upon  the  rapidity  and  pre- 
cision of  our  motions,  are  acquired  only  by  long  exercise  ; why,  in 
a word,  it  often  happens  that  we  execute  motions  more  perfectly 
in  turning  our  attention  from  them,  than  in  paying  the  greatest  at- 
tention possible. 

Relations  of  attitudes  and  motions  with  instinct  and  the  passions. 

We  have  seen  that  a great  part  of  what  are  called  voluntary  mo- 
tions and  attitudes  are  under  the  dominion  of  instinct  ; a great 
number  of  attitudes  and  motions,  both  partial  and  general,  essen- 
tially depend  upon  it. 

All  the  instinctive  feelings  essentially  attached  to  organization, 
such  as  sorrow,  fear,  joy,  hunger,  thirst,  carried  to  a certain  de- 
gree, have  attitudes  and  modes  of  motion  which  are  proper  to 
them,  and  by  which  their  existence  is  known  : it  is  the  same  with 
the  natural  passions,  and  all  the  instinctive  phenomena  developed 
in  the  social  state. 

Many  passions  excite  to  motion,  and  augment  much  the  inten-  influence  of 
. 1 Ü-  1 1 * • ' instinct  and 

sity  ot  muscular  torce,  as  we  nave  examples,  in  excessive  joy,  the  passions 

anger,  in  certain  cases  of  fear,  &c.  Other  passions  stupify,  and  tl?udes'’and^' 
render  every  sort  of  motion  impossible,  such  as  violent  grief,  a cer- 
tain  sort  of  terror  : extreme  joy  often  produces  the  same  effect  : it 
is  thus  we  see  the  art  of  pantomime  exerted  with  success  in  paint- 
ing the  violent  passions. 

Relations  (f  the  motions  to  voice. 

The  relations  of  the  motions  to  voice  are  intimate;  as  they  Relations 
ought,  since  these  two  sorts  of  phenomena  are  the  immediate  ef-  lo  voiceî°”* 
feet  of  muscular  contraction  ; with  this  difference,  that  in  the  voice 
the  effect  is  heard,  whereas  it  is  seen  in  the  motions. 

There  are  motions  essentially  attached  to  organization  ; crying 
is  in  that  predicament.  There  is  a voice  which  is  acquired  by 
social  life  ; a great  many  motions  are  acquired  in  the  same  man- 
ner. Voice  and  motion  are  united  for  the  production  of  speech. 

These  two  phenomena  are  our  principal  and  almost  only  means  of 
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expression;  they  assist,  and  sometimes  supply  each  other  mu- 
tually. A man  who  expresses  himself  badly,  gesticulates  a gi-eat 
deal  ; it  is  the  contrary  with  a person  who  has  an  easy  elocution. 
In  the  great  passions,  the  two  means  of  expression  are  united  : 
we  rarely  express  a lively  sentiment  without  joining  gesture  to 
speech. 

It  ought  to  have  been  remarked,  that  the  modifications  which 
the  voice  and  the  motions  undergo  by  age  are  very  analogous  ; we 
would  have  a similar  result  were  we  to  study  the  changes  they 
suffer  by  sex,  temperament,  habit,  &c. 

We  shall  terminate,  by  these  considerations,  the  description  of 
the  relative  functions.  The  common  character  of  thes3  functions 
is  that  of  being  periodically  suspended,  or,  in  other  terms,  of  being 
plunged  at  intervals  in  sleep.  It  might  then  appear  suitable  that 
the  history  of  sleep  should  immediately  follow  that  of  the  relative 
functions  : but  as  the  nutritive  and  generative  functions  are  also 
much  influenced  by  sleep,  we  prefer  postponing  the  study  of  the 
former  until  we  have  finished  the  description  of  these  functions.® 

NUTRITIVE  FUNCTIONS. 


General  con- 
siderations 
upon  the  nu- 
tritive func- 
tions. 


Our  body  undergoes  changes  of  dimension,  form,  structure, 
&c.,  from  the  moment  of  its  formation  to  that  in  which  it  ceases 
to  exist  ; we  lose  incessantly,  and  by  different  ways,  as  by  trans- 
piration, urine,  respiration,  &c.,  a part  of  the  elements  of  which  we 
are  composed.  These  losses,  which  constantly  amount  to  several 
pounds  in  the  twenty-four  hours,  reduce  our  strength  ; and  we 
should  soon  perish  were  we  not  to  repair  them,  and  our  strength 
together,  by  a new  supply  of  nourishment  and  drink.  On  the 
other  hand,  our  temperature  does  not  vary  with  that  of  the  bodies 
which  surround  us  ; we  resist  equally  a strong  heat  and  a great 
cold  ; and  thus  possess  a peculiar  source  of  refrigeration  and  of 
heat  : nay,  if  we  add,  that  our  bodies  never  experience,  during  life, 
the  rapid  decomposition  which  they  will  undergo  after  death,  we 
shall  be  strongly  inclined  to  suppose  that  there  passes  within  us  a 
constant  and  internal  action,  by  which  our  organs  appear,  on  the 
one  hand,  to  be  worn  down  and  destroyed,  and,  on  the  other,  to 
repair  themselves,  and  to  acquire  a new  vigour  : and  that  this  re- 
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novation  of  our  constituent  elements  is  one  of  the  great  funda- 
mental acts  of  life- 

This  internal  movement,  in  fact,  exists,  but  not  such  as  the 
imagination  of  physiologists  has  been  pleased  to  create  it,  nor  so 
that  the  body  renews  itself  in  seven  years,  as  the  ancients 
thought  : but  its  reality  is  established  by  a great  number  of  facts 
and  experiments.  This  phenomenon,  without  doubt  highly  com- 
plicated, because  presiding  over  all  the  physical  changes  of  our 
organs,  so  various  and  minute  in  their  texture,  and  composed  of 
elements  so  numerous  and  diverse,  is  still  far  from  being  com- 
pletely known. 

Such  a phenomenon  supposes,  1st,  easy  cemmunications,  always 
open,  between  the  most  concealed  parts  of  our  organs,  and  the 
natural  passages  of  excretion  and  reparation  ; 2d,  a powerful  me- 
chanical force  preserving  a constant  motion  among  our  different 
elements  ; 3d,  it  requires  our  body  to  be  the  seat  of  a number  of 
chemical  transformations,  which  must  follow,  with  more  or  less 
exactness,  the  laws  of  affinity  and  general  equivalents. 

It  is  easy  to  conceive  the  difficulties,  of  all  kinds,  which  must 
occur  in  studying  the  nutritive  functions  ; at  each  instant  it  will 
be  necessary  to  make  application  of  the  principles  of  chemistry, 
physics,  or  mechanics  ; or,  what  is  still  more  difficult,  to  know 
when  one  ought  not  to  be  misled  by  such  application  ; in  other 
words,  to  distinguish  the  phenomena  purely  vital  from  those 
which  are  simply  physical  ; but  a difficulty,  almost  insurmoun- 
table, will  be  found  in  the  maimer  in  which  all  the  nutritive  actions 
are  combined,  and  almost  confounded  together  ; — the  arbitrary 
classification  of  these,  which  must  be  employed  in  order  to  facilitate 
the  study,  is  of  much  less  advantage,  because  resting  upon  an  im- 
perfect knowledge  of  the  different  functions  ; and  because  we  are 
still  far  from  possessing  any  thing  completely  satisfactory,  even 
with  regard  to  the  principal  of  these. 

Notwithstanding  all  this,  by  an  undeviating  pursuit  of  the  path 
of  observation  and  experience,  by  rejecting  every  merely  syste- 
matic idea,  by  closely  adhering  to  the  simple  expression  of  facts, 
we  shall  arrive  at  results  by  no  means  unimportant. 

The  common  design  of  the  nutritive  functions  is  nutrition  ; 
namely,  that  intestine  motion,  by  which  all  the  parts  of  the  body 
are  decomposed  and  recomposed  simultaneously. 
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Nutritive 

ftmctions. 


Secretions 
and  nutri- 
tion. 


Digestion. 


Tliese  functions  are  six  in  number,  viz. 

1st,  Digestion,  or  the  formation  of  chyle: 

2d,  Absorption  of  the  chyle  ; 

3d,  Course  of  the  venous  blood  ; 

4th,  Respiration  ; 

5th,  Course  of  the  arterial  blood  ; 

6th,  Course  of  the  lymph. 

After  the  description  of  these  functions,  and  of  the  relations 
w'hich  they  have  with  each  other,  as  well  as  with  the  functions  of 
relation,  we  shall  study  the  different  secretions,  and  shall  conclude 
with  explaining  what  is  known  of  the  molecular  motion  which 
takes  place  in  the  interior  of  our  organs,  and  which,  in  a restricted 
sense,  may  be  called  nutrition. 

Cf  Digestion. 

The  immediate  object  of  digestion  is  the  formation  of  chyle,  a 
matter  destined  for  the  reparation  of  the  continual  waste  of  the 
animal  economy.  Independent  of  that  general  object,  this  function 
likewise  contributes  to  nutrition,  and  even  to  life  in  general,  in 
various  ways. 

In  order  to  form  the  chyle,  the  digestive  organs  act  upon  the 
aliments,  triturate,  change,  and  decompose  them,  and  separate  from 
them  a gross  and  inert  portion,  which  is  thrown  ofl’  externally, 
while  the  nutritive  juice,  the  useful  part,  in  a word,  the  chyle,  is 
preserved  and  soon  made  to  penetrate  into  the  most  remote  reces- 
ses of  the  different  tissues. 

The  object  of  digestion  is  therefore  chemical,  since  it  is  usually 
engaged  in  extracting  from  the  aliments  the  elements  of  the  chyle 
contained  in  them,  and  in  forming  that  fluid,  by  the  mixture  and 
combination  of  these  different  elements. 

Digestive  organs. 

The  Organs  of  digestion  represent  a chemical  apparatus  con- 
structed with  much  care,  and  capable  of  working  spontaneously 
the  moment  it  is  furnished  with  the  matters  upon  which  it  acts  : 
it  exhibits,  for  instance,  a bruising  machine,  which  by  its  arrange- 
ment, is  vastly  superior  to  all  those  others  usually  employed  to 
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obtain  an  analogous  result.  It  contains  capacious  receptacles,  of 
an  extensible  and  contractile  nature,  and  destined  to  contain  the 
alimentary  substances  during  a certain  period  : a long  straight 
tube  where  the  passage  of  these  matters  is  necessarily  rapid  ; and 
another  tube,  longer  and  more  contorted  upon  itself,  where  the 
aliments  are  destined  to  proceed  more  leisurely  ; and  into  these 
different  cavities  of  repose  and  transit,  the  orifices  of  several  canals 
open,  which  pour  into  them  the  necessary  agents  for  the  operation 
which  is  to  be  performed. 

There  always  exists  an  evident  relation  between  the  sort  of 
aliment  proper  for  an  animal  and  the  disposition  of  its  digestive 
organs.  If,  by  tbeir  nature,  the  aliments  are  very  different  from 
the  elements  which  compose  the  animal  ; if,  for  example,  it  is 
graminivorous,  the  dimensions  of  the  apparatus  will  be  more  com- 
plicated, and  more  considerable  ; if,  on  the  contrary,  the  animal 
feeds  on  flesh,  the  digestive  organs  will  be  fewer  and  more  simple, 
as  is  seen  in  the  carnivorous  animals.  Man,  called  to  use  equally 
animal  and  vegetable  aliments,  keeps  a mean  between  the  grami- 
nivorous and  carnivorous  animals,  as  to  the  disposition  and  com- 
plication of  his  digestive  apparatus,  without  deserving,  on  that 
account,  to  be  called  omnivorous.  Is  it  not  known  that  a great 
number  of  the  substances  upon  which  animals  feed  can  be  of  no 
use  for  the  support  of  man  ? 

We  may  represent  the  digestive  apparatus  as  a long  canal, 
variously  convoluted,  wide  in  certain  points,  narrow  in  others, 
susceptible  of  contracting  or  enlarging  its  dimensions,  and  into 
which  a great  quantity  of  fluids  are  poured  by  means  of  different 
ducts.  The  canal  is  divided  into  many  parts  by  anatomists  : 1st, 
the  mouth  ; 2d,  the  pharynx  ; 3d,  the  oesophagus  ; 4th,  the  sto- 
mach ; 5th,  the  small  intestines  ; 6th,  the  great  intestines  ; 7th, 
the  rectum. 

Two  membranous  layers  form  the  sides  of  the  digestive  canal  in  structure  of 
its  whole  length.  The  inner  layer,  which  is  intended  to  be  in  canal. 
contact  with  the  aliments,  consists  of  a mucous  membrane,  the  ap- 
pearance and  structure  of  which  vary  in  every  one  of  the  portions 
of  the  canal,  so  that  it  is  not  the  same  in  the  pharynx  as  in  the 
mouth,  nor  is  it  in  the  stomach  like  what  it  is  in  the  oesophagus, 

&c.  In  the  lips  and  the  anus  this  membrane  becomes  confounded 
Muth  the  skin.  The  second  layer  of  the  sifles  of  the  digestive 
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canal  is  muscular  ; it  is  composed  of  two  layers  of  fibres,  one  lon- 
gitudinal, the  other  circular.  The  arrangement,  the  thickness, 
the  nature  of  the  fibres  which  enter  into  the  composition  of  èiese 
strata  are  different,  according  as  they  are  observed  in  the  mouth, 
Vessels  of  the  in  the  œsophagus,  or  in  the  large  intestine,  &c.  A great  number 
nai.  of  bloodvessels  go  to,  or  come  from  the  digestive  canal  ; but  the 

abdominal  portion  of  this  canal  receives  a quantity  incomparably 
greater  than  the  superior  parts.  These  present  only  what  are 
necessary  for  their  nutrition,  and  the  inconsiderable  secretion,  of 
which  they  are  the  seat  ; whilst  the  number  and  volume  of  the 
vessels  that  belong  to  the  abdominal  portion,  show  that  it  must  be 
the  agent  of  a considerable  secretion.  The  chyliferous  vessels 
arise  exclusively  from  the  small  intestine. 

As  to  the  nerves,  they  are  distributed  to  the  digestive  canal  in 
an  order  inverse  to  that  of  the  vessels  ; that  is,  the  cephalic  parts, 
cervical  and  pectoral,  receive  a great  deal  more  than  the  abdominal 
portion,  the  stomach  excepted,  where  the  two  nerves  of  the  eighth 
pair  terminate.  The  other  parts  of  the  canal  scarcely  receive  any 
branch  of  the  cerebral  nerves.  The  only  nerves  that  are  observed, 
proceed  from  the  sub-diaphragmatic  ganglions  of  the  great  sym- 
pathetic. We  shall  see,  farther  on,  the  relation  that  exists  between 
the  mode  of  distribution  of  the  nerves,  and  the  functions  of  the 
superior  and  inferior  portions  of  the  digestive  canal. 

Organs  which  The  bodies  that  pour  fluids  into  the  digestive  canal,  are,  1st, 
to thetafe^"  the  mucous  membrane  itself;  2d,  insulated  follicles  that 

tinai  canal.  spread  in  great  number  over  the  whole  length  of  this  membrane  ; 

SÔ,  the  agglomerated  follicles  which  are  found  at  the  isthmus  of 
the  throat,  between  the  pillars  of  the  velum  of  the  palate,  and 
sometimes  at  the  junction  of  the  œsophagus  and  stomach  ; 4th, 
the  mucous  glands  which  exist  in  a greater  or  less  number  in  the 
sides  of  the  cheeks,  in  the  roof  of  the  palate,  around  the  œsopha- 
gus ; 5th,  the  parotid,  the  submaxillary,  and  sublingual  glands, 
which  secrete  the  saliva  of  the  mouth;  the  liver,  and  pancreas  ; 
the  first  of  which  pours  the  bile,  the  second  the  pancreatic  juice, 
by  distinct  canals,  into  the  superior  part  of  the  small  intestine, 
called  duodenum. 

All  the  digestive  organs  contained  in  the  abdominal  cavity  are 
immediately  covered  more  or  less  completely,  by  the  serous  mem- 
brane called  the  peritoneum.  This  membrane,  by  the  manner  in 
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which  it  is  disposed,  and  by  its  physical  and  vital  properties,  is 
very  useful  in  the  act  of  digestion,  by  preserving  to  the  organs 
their  respective  relations,  by  favouring  their  changes  of  volume,  by 
rendering  easy  the  sliding  motions  which  they  perform  upon  each 
other,  and  upon  the  adjoining  parts.  We  shall  give  the  necessary 
details  of  the  digestive  apparatus,  according  as  we  explain  its  func- 
tions ; we  shall  here  make  only  some  remarks  upon  the  digestive 
organs,  considered  in  the  state  of  life,  but  whilst  they  do  not  serve 
in  the  digestion  of  aliments. 

Remarks  upon  the  digestive  organs  oj man,  and  living  animals. 

The  surface  of  the  mucous  digestive  membrane  is  always  lubri- 
cated by  a glutinous  adhesive  matter,  more  or  less  abundant,  that 
is  seen  in  greatest  quantity  where  there  exists  no  follicles, — a cir- 
cumstance which  seems  to  indicate  that  these  are  not  the  only  se- 
creting organs.  A part  of  this  matter,  to  which  is  generally  given 
the  name  of  mucus,  continually  evaporates,  so  that  there  exists  ha- 
bitually a certain  quantity  of  vapours  in  all  the  points  of  the  diges- 
tive canal.  The  chemical  nature  of  this  substance,  as  taken  at  the 
intestinal  surface,  is  still  very  little  known.  It  is  transparent,  with 
a light  grey  tint  ; it  adheres  to  the  membrane  which  forms  it  ; its 
taste  is  salt,  and  its  acidity  is  shown  by  re-agents  : its  formation 
still  continues  some  time  after  death.  That  which  is  formed  in 
the  mouth,  in  the  pharynx,  and  in  the  oesophagus,  goes  into  the 
stomach  mixed  with  the  saliva,  and  the  fluid  of  the  mucous  glands, 
by  movements  of  deglutition,  which  succeed  each  other  at  short  in- 
tervals. According  to  this  detail,  it  would  appear  that  the 
stomach  ought  to  contain,  after  it  has  been  some  time  empty  of 
aliments,  a considerable  quantity  of  a mixture  of  mucus,  of  saliva, 
and  follicular  fluid.  This  observation  is  not  proved,  at  least  in  the 
greatest  number  of  individuals.  However,  in  a number  of  per- 
sons, who  are  evidently  in  a particular  state,  there  exist,  in  the 
morning,  in  the  stomach,  many  ounces  of  this  mixture.  In  certain  Add  liquid  of 
cases  it  is  foamy,  turbid,  slightly  viscous,  liolding  suspended 
some  flakes  of  mucus  ; its  taste  is  quite  acid,  not  disagreeable, 
very  sensible  in  the  throat,  acting  upon  the  teeth,  so  as  to  di- 
minish the  polish  of  their  surface,  and  rendering  their  motion  upon 
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each  other  more  difficult.  Tliis  liquid  reddens  paper  stained  with 
turnsol. 

In  the  same  individual,  in  other  circumstances,  and  with  the 
same  appearances  as  to  colour,  transparency,  and  consistency,  the 
liquid  of  the  stomach  had  no  taste,  nor  any  acid  property  ; it  is 
slightly  saline  : the  solution  of  potass,  as  well  as  the  niti'ic  and  sul- 
phuric acids,  produced  in  it  no  apparent  change.  Doctor  Pinel, 
formerly  one  of  my  pupils,  who  possesses  the  faculty  of  vomiting 
when  he  pleases,  sent  me,  some  time  since,  about  three  ounces  of 
a liquid  that  he  had  extracted  from  his  stomach  the  same  morning. 
This  liquid,  which  presented  the  same  physical  properties  as  the 
preceding,  was  examined  by  M.  Thenard  ; he  found  it  composed 
of  a great  quantity  of  water,  a little  mucus,  and  some  salts,  with 
a base  of  soda  and  lime  ; it  presented  no  acidity,  either  to  the 
tongue,  or  to  chemical  tests. 

The  same  physician  sent  me,  very  lately,  about  two  ounces  of 
a liquid  obtained  in  the  same  manner.  M.  Chevreul  analyzed  it, 
and  found  : — a great  deal  of  water,  a considerable  quantity  of  mu- 
cus, some  lactic  acid  of  Berzelius,  combined  with  an  animal  mat- 
ter, soluble  in  water,  and  insoluble  in  alcohol,  a little  hydro-chlorate 
of  ammonia,  and  hydro-chlorate  of  potass,  and  a quantity  of  hydro- 
chlorate of  soda.  . 

With  regard  to  the  quantity  of  this  liquid,  M.  Pinel  observed, 
that  if,  before  vomiting  it  up,  he  should  swallow  a mouthful  of 
w'ater,  or  of  any  sort  of  aliment,  he  could  obtain,  in  very  little  time, 
a half  pound  of  it.  M.  Pinel  thinks  he  has  observed  that  the  sa- 
vour of  this  same  liquid  varies  according  to  the  sort  of  aliment  he 
has  taken  the  night  before. 

When  we  examine  the  dead  bodies  of  persons  killed  by  accident, 
the  stomach  not  having  received  any  aliments  or  drink  for  some 
time,  this  organ  contains  only  a very  few  acid  mucous  flocculi  ad- 
hering to  the  coats  of  the  stomach,  part  of  which,  in  the  pyloric 
portion  of  that  viscus,  appears  reduced  to  chyme.  It  is  then  very 
probable,  that  the  liquid  which  ought  to  be  in  the  stomach  is  di- 
gested by  this  viscus  as  an  alimentary  substance,  and  that  this  is 
the  reason  why  it  does  not  accumulate  there. 

In  animals  whose  organization  approaches  to  that  of  man,  such 
as  dogs  and  cats,  there  is  no  liquid  found  in  the  stomach  after  one, 
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or  many  clays  of  complete  abstinence  ; there  is  seen  only  a small 
quantity  of  viscid  mucus  adhering  to  the  sides  of  the  organ,  to- 
wards its  splenic  extremity.  This  matter  has  the  greatest  ana- 
logy, both  chemical  and  physical,  with  that  which  is  found  in  the 
stomach  of  man.  But,  if  we  make  these  animals  swallow  a body  Gastric  juice 
which  is  not  susceptible  of  being  digested,  as  a pebble  for  exam- 
ple, there  forms,  after  some  time,  in  the  cavity  of  the  stomach,  a 
certain  quantity  of  an  acid  liquid,  mucous,  of  a greyish  colour,  sen- 
sibly salt,  which,  in  its  composition,  is  nearly  the  same  as  that 
found  sometimes  in  man,  the  approximate  analysis  of  which  we 
have  just  given,  according  to  M.  Chevreul. 

This  liquid,  resulting  from  the  mixture  of  the  mucus  of  the 
mouth,  of  the  pharynx,  of  the  œsophagus  and  stomach,  with  the 
liquid  secreted  by  the  follicles  of  the  same  parts  and  with  the  saliva, 
has  been  called  by  physiologists  the  gastric  juice,  and  to  it  they 
have  attributed  peculiar  properties. 

In  the  small  intestine  there  is  also  formed  a great  quantity  of  Mucus  of  the 
mucous  matter,  which  rests  habitually  attached  to  the  sides  of  the  tine, 
intestine  ; it  differs  little  from  that  of  which  we  have  spoken  above  ; 
it  is  viscid,  tough,  and  has  a salt  and  acid  taste  ; it  is  renewed 
with  great  rapidity.  If  the  mucous  membrane  of  this  intestine  is 
laid  bare,  in  a dog,  and  the  layer  of  mucus  absorbed  by  a spunge, 
it  will  appear  again  in  a minute.  This  observation  may  be  re- 
peated as  often  as  we  please,  until  the  intestine  becomes  inflamed 
by  the  contact  of  air,  and  of  foreign  bodies. 

The  mucus  of  the  stomach  penetrates  into  the  cavity  of  the 
small  intestine  only  under  the  form  of  a pulpy  matter,  greyish  and 
opaque,  which  has  all  the  appearance  of  a particular  chyme. 

It  is  at  the  surface  of  this  same  portion  of  the  digestive  canal  Manner  in 
that  the  bile  is  delivered,  as  well  as  the  liquid  secreted  by  the  flows  into  the 

,,  111  1 small  intes- 

pancreas*  i do  not  believe  that  there  has  ever  been  any  observa-  tine, 
tion  made  of  the  manner  in  which  the  bile  and  the  pancreatic 
liquid  flow  in  a living  man.  In  animals,  such  as  dogs,  the  flowing 
of  these  liquids  takes  place  at  intervals  ; that  is,  about  twice  in  a 
minute,  there  is  seen  to  spring  from  the  orifice  of  the  ductus  cJiole- 
dochus,  or  biliary  canal,  a drop  of  bile,  which  immediately  spreads 
itself  uniformly  in  a sheet  over  the  surrounding  parts,  which  are 
already  impregnated  with  it  ; there  is  also  constantly  found  a cer- 
tain quantity  of  bile  in  the  small  intestine. 
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The  flowing  of  the  liquid  formed  hy  the  pancreas  takes  place 
much  in  the  same  manner,  but  it  is  much  slower  ; sometimes  a 
quarter  of  an  hour  passes  before  a drop  of  this  fluid  springs  from 
the  orifice  of  the  canal  which  pours  it  into  the  intestine. 

I have  seen,  however,  the  flowing  of  the  pancreatic  fluid  take 
place  in  certain  cases  with  considerable  rapidity. 

The  different  fluids  deposited  in  the  small  intestine,  which  are, 
the  chymous  matter  that  comes  from  the  stomach,  the  mucous,  the 
follicular  fluid,  the  bile,  and  the  pancreatic  liquid,  all  mix  toge- 
ther: but  on  account  of  its  properties,  and  perhaps  of  its  propor- 
tions, the  bile  predominates,  and  gives  to  the  mixture  its  proper 
taste  and  colour.  A great  part  of  this  mixture  descends  towards 
the  large  intestine,  and  passes  into  it  : in  this  passage,  it  becomes 
more  consistent,  and  the  clear  yellow  colour  which  it  had  before 
becomes  dark,  and  afterwards  greenish.  There  are,  however,  in 
this  respect,  strong  individual  differences. 

In  the  large  intestine,  the  mucous  aud  follicular  secretion  ap- 
pear less  active  than  in  the  small  intestine  : the  mixture  of  fluids 
which  comes  from  the  small  intestine  acquires  in  it  more  consist- 
ence ; it  contracts  a fetid  odour,  analogous  to  that  of  ordinary 
excrements  : it  has  besides  their  appearance  by  its  colour,  odour, 


&c. 


The  knowledge  of  these  facts  enables  us  to  understand  how  a per- 
son who  uses  no  aliments  can  continue  for  a time  to  produce  excre- 
ments : and  how,  in  certain  diseases,  their  quantity  is  very  considera- 
ble, though  the  sick  person  has  been  long  deprived  of  every  alimen- 
tary substance,  even  of  a liquid  kind.  Hound  the  anus  exist  folli- 
cles, which  secrete  a fatty  matter  of  a singularly  powerful  odour. 
Of  the  gases  8^®  almost  always  in  the  intestinal  canal  ; the  stomach 

the  intestinal  <^ontains  Only  very  little.  The  chemical  nature  of  these  gases  has 
canal.  jjqj  ygj  been  examined  with  care  ; but  as  the  saliva  which  we  swal- 
low is  always  more  or  less  impregnated  with  atmospheric  air,  it  is 
probably  the  atmospheric  air,  more  or  less  changed,  which  is  found 
in  the  stomach.  At  least,  I have  ascertained  by  experience  that 
it  contains  carbonic  acid.  The  small  intestine  contains  a small 
quantity  of  gas  ; it  is  a mixture  of  carbonic  acid,  of  azote,  and 
hydrogen.  The  large  intestine  contains  carbonic  acid,  azote  and 
hydrogen,  sometimes  carburetted,  sometimes  sulphuretted.  I have 
seen  twenty-three  per  cent,  of  this  gas  in  the  rectum  of  an  indi- 
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vidual  lately  executed,  whose  large  intestine  contained  no  excre- 
ment. 

What  is  the  origin  of  these  gases  ? Do  they  come  from  with- 
out ? Are  they  secreted  by  the  mucous  digestive  membrane,  or 
do  they  rather  result  from  the  re-action  of  the  elements  which 
compose  the  matters  contained  in  the  intestinal  canal  ? This  ques-  — 

tion  will  be  examined  afterwards  ; we  may  remark,  however,  that 
there  are  circumstances  in  which  we  swallow  a great  deal  of  at- 
mospheric air  without  knowing  it. 

The  muscular  layer  of  the  digestive  canal  deserves  to  be  re-  Muscular 

11-  , . • /V  , c • • \2Lyex  of  the 

marked,  in  respect  to  the  diiierent  modes  or  contraction  it  pre-  digestive 
sents.  The  lips,  the  jaws,  in  most  cases  the  tongue,  the  cheeks, 
are  moved  by  a contraction  entirely  like  that  of  the  muscles  of 
locomotion.  The  roof  of  the  palate,  the  pharynx,  the  oesophagus,  Dinerent 
and  the  tongue  in  certain  particular  circumstances,  offer  many  contraction 

® ^ of  the  fibres 

motions  which  have  a manifest  analogy  with  muscular  contraction,  ofthediges- 

^ , tive  canal. 

but  which  are  very  different  from  it,  because  they  take  place  with- 
out  the  participation  of  the  will.  I have,  however,  had  occasion 
to  see  persons  who  could  move  voluntarily  the  velum  of  the  palate, 
and  the  superior  part  of  the  pharynx. 

This  does  not  imply  that  the  motions  of  the  parts  I have  just 
named  are  beyond  the  influence  of  the  nerves  ; experience  proves 
directly  the  contrary.  If,  for  example,  the  nerves  that  come  to 
the  œsophagus  are  cut,  this  tube  is  deprived  of  its  contractile 
faculty. 

The  muscles  of  the  velum  of  the  palate,  those  of  the  pharynx,  Motion  of  the 
the  superior  two- thirds  of  the  œsophagus,  scarcely  contract  |jj^g 
digestive  organs,  but  when  they  act  in  permitting  substances  to 
pass  from  the  mouth  into  the  stomach.  The  inferior  third  of  the 
œsophagus  presents  a phenomenon  which  is  important  to  be 
known  : this  is  an  alternate  motion  of  contraction  and  relaxa- 
tion which  exists  in  a constant  manner.  The  contraction  com- 
mences at  the  union  of  the  superior  two-thirds  of  the  canal  with 
the  inferior  third  ; it  is  continued,  with  a certain  rapidity,  to  the 
insertion  of  the  œsophagus  into  the  stomach  : when  it  is  once 
produced,  it  continues  for  a time,  which  is  variable  ; its  mean 
duration  is  at  least  thirty  seconds.  Being  so  contracted  in  its 
inferior  third,  the  œsophagus  is  hard  and  elastic,  like  a cord 
strongly  stretched.  The  relaxation  which  succeeds  the  contrac- 
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tion  happens  all  at  once,  and  simultaneously  in  all  tlie  contracted 
fibres  ; in  certain  cases,  liowever,  it  seems  to  take  place  from  the 
superior  to  the  inferior  fibres.  In  the  state  of  relaxation,  the  œso- 
phagus presents  a remarkable  flaccidity,  which  makes  a singular 
contrast  with  its  state  of  contraction. 

This  motion  of  the  œsophagus  depends  on  the  nerves  of  the 
eighth  pair.  When  these  nerves  of  an  animal  are  cut,  the  œso- 
phagus no  longer  contracts,  but  neither  is  it  in  the  relaxed  state 
that  we  have  described  ; its  fibres  being  separated  from  nervous 
influence,  shorten  themselves  with  a certain  force,  and  the  canal 
is  found  in  an  intermediate  state  between  contraction  and  relaxa- 
tion. The  vacuity,  or  distention  of  the  stomach,  has  an  influence 
upon  the  duration  and  intensity  of  the  contraction  of  the  œsopba- 
gus 

From  the  inferior  extremity  of  the  stomach  to  the  end  of  the 
intestinum  rectum,  the  intestinal  canal  presents  a mode  of  contrac- 
tion which  differs,  in  almost  every  respect,  from  the  contraction 
of  the  super- diaphragmatic  portion  of  the  canal.  This  contraction 
always  takes  place  slowly,  and  in  an  irregular  manner  ; sometimes 
an  hour  passes  before  any  trace  of  it  can  be  perceived  ; at  other 
times  many  intestinal  portions  contract  at  once.  It  appears  to  be 
very  little  influenced  by  the  nervous  system  : for  example,  it  con- 
tinues in  the  stomach  after  the  section  of  the  nerves  of  the  eighth 
pair  ; it  becomes  more  active  by  the  weakness  of  animals,  and 
even  by  their  death  ; in  some,  by  this  cause,  it  becomes  consider- 
ably accelerated  ; it  continues  though  the  intestinal  canal  is  en- 


* These  alternate  movements  of  the  oesophagus  are  not  found  in  tl)e  horse  ; 
but  the  crura  of  his  diaphragm  have  a peculiar  action  on  the  cardiac  extre- 
mity of  that  tube,  which  does  not  take  place  in  animals  that  vomit  easily. 
See  my  experiments,  Bulletin  de  la  Société  Philomathique,  an  1815. — Since 
that  period  I have  observed  the  oesophagus  of  the  horse  with  more  attention, 
and  have  remarked,  that  its  diaphragmatic  extremity,  for  an  extent  of  eight 
or  ten  inches,  is  not  at  all  contractile  in  the  manner  of  muscles.  Irritation 
of  the  nerves  of  the  eighth  pair,  even  galvanism,  still  left  it  unmoved;  but 
it  is  very  elastic,  and  preserves  the  lower  end  of  the  oesophagus  so  firmly 
closed,  that,  for  along  time  after  death,  it  is  difficult  to  introduce  the  finger, 
and  a very  strong  pressure  is  necessary  in  order  to  cause  air  to  penetrate  its 
cavity.  This  circumstance  affords,  I imagine,  the  true  reason  why  horses 
vomit  with  so  much  difficulty,  and  sometimes  burst  their  stomach  in  the 
attempt. 
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tively  separated  from  the  body.  The  pyloric  portion  ofj^the  sto- 
mach,  the  small  intestine,  are  the  points  of  the  intestinaUcanal 
where  it  is  presented  most  frequently  and  most  constantly.  This 
motion,  which  arises  from  the  successive  or  simultaneous  contrac- 
tion of  the  longitudinal  or  circular  fibres  of  the  intestinal  canal,  has 
been  differently  denominated  by  authors  ; some  have  named  it 
vermicular,  others  peristaltic,  others  again  sensible  organic  con- 
tractility, 8^c,  Whatever  it  is,  the  will  appears  to  exert  no  sensi- 
ble influence  upon  it  *• 

The  muscles  of  the  anus  contract  voluntarily. 

The  super-diaphragmatic  portion  of  the  digestive  canal  is  not 
susceptible  of  undergoing  any  considerable  dilatation  ; we  may 
easily  see  by  its  structure,  and  the  mode  of  contraction  of  its  mus- 
cular coat,  that  it  is  not  intended  to  allow  the  aliments  to  remain 
in  its  cavity,  but  that  it  is  rather  formed  to  caiTy  these  substances 
from  the  mouth  to  the  stomach  : this  last  organ,  and  the  large 
intestine,  are  evidently  prepared  to  undergo  a very  great  disten- 
tion ; substances  also  which  are  introduced  into  the  alimentary 
canal,  accumulate,  and  remain  for  a time,  more  or  less,  in  their 
interior. 

The  diaphragm,  and  the  abdominal  muscles,  produce  a sort  of 
perpetual  agitation  of  the  digestive  organs  contained  in  the  abdo- 
minal cavity  ; they  exert  upon  these  organs  a continual  pressure, 
which  becomes  sometimes  very  considerable.  We  shall  see  far- 
ther on,  how  these  two  causes,  united  or  separated,  contribute  to 
the  different  acts  of  digestion. 


* In  the  horse,  the  splenic  portion  of  the  stomach  is  more  contractile  than 
the  pyloric  ; so  that  the  aliments  remain  but  a short  while  in  the  stomach  of 
that  animal,  and  digestion  is  performed,  in  a great  measure,  in  the  intestines. 
T\\e  paunch  of  ruminating  animals  the  manyplks  {omasum),  the  red  { abo- 
masum), are  but  slightly  contractile  ; but  the  bonnet  (reticulum)  contracts 
itself  in  a very  active  manner,  although  ils  contraction  assumes  not,  by  any 
means,  the  character  of  the  super-diaphragmatic  portion  of  the  intestinal  ca- 
nal. Birds,  reptiles,  and  fishes,  have  an  active  contraction  only  in  the  or- 
gans of  deglutition  j the  rest  of  the  alimentary  canal  contracts  in  the  peristaltic 
manner.  This  phenomenon  is  remarkable  in  the  gizzard  of  birds,  which  is 
commonly  represented  to  be  a very  energetic  muscle  ; the  irritation  of  the 
eight  pair,  how'ever,  does  not  produce  in  it  the  least  contractiou. 


216 


COMPENDIUM  OF  PHYSIOLOGY. 


Hunger  and 
thirst. 


Of  hunger. 


Phenomena 
of  hunger. 


Of  hunger  and  thirst. 

Digestion  in  man,  anti-  the  animals,  requires  a certain  number 
of  actions  to  procure  and  seize  upon  the  aliments,  and  finally  to 
introduce  them  into  the  stomach  ; this  introduction  ought  to  cease 
when  the  stomach  is  full,  or  it  ought  to  be  done  only  in  propor- 
tion to  the  wants  of  the  economy  ; it  is  generally  convenient  that 
it  should  not  take  place  until  after  the  former  digestion  is  termi- 
nated ; there  are  also  other  circumstances  in  which  it  would  be 
hurtful.  It  was  then  necessary  that  man,  and  the  animals,  should 
be  informed  of  the  proper  time  to  put  liquid,  or  solid  aliments, 
into  the  stomach,  and  of  the  circumstances  in  which  it  would  be 
improper  to  do  so.  Nature  has  provided  for  this  important  end, 
by  the  development  of  many  instinctive  feelings,  which  indi- 
cate the  wants  of  the  economy,  and  the  particular  state  of  the  di- 
gestive organs.  These  indicative  feelings  vary  according  to  our 
individual  wants  ; they  may  be  divided  into  those  which  induce 
us  to  make  use  of  any  substance,  and  those  that  render  it  an  ob- 
ject of  aversion.  The  first  relate  to  hunger  and  thirst  ; the  se- 
cond to  satiety  and  disgust. 

Of  hunger. 

The  want  of  solid  aliments  is  characterized  by  a peculiar  sensa- 
tion in  the  region  of  the  stomach,  and  by  a general  feebleness, 
more  or  less  marked.  This  feeling  is  generally  renewed  after  the 
stomach  has  been  for  some  time  empty;  it  is  variable  in  its  inten- 
sity and  in  its  nature  in  different  individuals,  and  even  in  the  same 
individual.  In  some  its  violence  is  excessive,  in  others  it  is 
scarcely  felt;  some  never  feel  it,  and  eat  only  because  the  hour  of 
repast  is  come.  Many  persons  perceive  a drawing,  a pressure 
more  or  less  painful,  in  the  epigastric  region,  accompanied  by 
yawnings,  and  a particular  noise,  produced  by  the  gases  contained 
in  the  stomach,  which  becomes  contracted.  When  this  want  is 
not  satisfied  it  increases,  and  may  become  a severe  pain  : the  same 
takes  place  with  the  sensation  of  weakness  and  general  fatigue 
which  is  felt,  and  which  may  increase,  so  as  to  render  the  motions 
difficult,  or  even  impossible. 
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Authors  distinguish  iu  hunger,  local  phenomena,  and  general 
phenomena. 

This  distinction  is  in  itself  good,  and  may  be  useful  for  study  ; 
but  have  not  mere  gratuitous  suppositions  been  described  as  local 
or  general  phenomena  of  hunger,  the  existence  of  which  was  ren- 
dered probable  by  this  theory  ? This  point  of  physiology  is  one  of 
those  in  which  the  want  of  direct  experiment  is  the  most  strongly 

felt.  The  pressure  and  contraction  of  the  stomach  are  considered  Local  pheno- 
^ mena  of  nun- 

amongst  the  local  phenomena  of  hunger  : The  sides  of  that  vis-  s®’"- 

eus,”  it  is  said,  “ become  thicker  ; it  changes  its  form  and  situa- 
tion, and  draws  the  duodenum  a little  towards  it  ; its  cavity  con- 
tains saliva  mixed  with  air,  mucus,  and  bile,  which  has  regurgita- 
ted in  consequence  of  the  dragging  of  the  duodenum  ; the  quantity 
of  these  humours  increases  in  the  stomach  in  proportion  as  hunger 
is  of  longer  continuation.  The  cystic  bile  does  not  flow  into  the 
duodenum  ; it  collects  in  the  gall-bladder,  and  it  becomes  abun- 
dant ' and  black  according  to  the  continuance  of  abstinence.  A 
change  takes  place  in  the  order  of  the  circulation  of  the  digestive 
organs  ; the  stomach  receives  less  blood,  perhaps  on  account  of 
the  flexion  of  these  vessels,  which  is  then  greater;  perhaps  by  the 
compression  of  the  nerves,  in  consequence  of  this  confinement,  the 
influence  of  which  upon  the  circulation  will  then  be  diminished. 

On  the  other  hand,  the  liver,  the  spleen,  the  epiploon,  receive 
more,  and  perform  the  office  of  diverticula  : the  liver  and  the 
spleen,  because  they  are  less  supported  when  the  stomach  is 
empty,  and  then  present  a more  easy  access  to  the  blood  ; and  the 
epiploon,  because  the  vessels  are  then  less  Jlexuous,"  &c  *.  The 
most  of  these  assumptions  are  mere  conjectures,  and  nearly  devoid 
of  proof  ; they  have  been  already  in  part  refuted  by  Bichat,  but 
some  of  the  objections  of  this  ingenious  physiologist  are  not  them- 
selves entirely  free  from  error.  Not  being  able  to  enter  into 
the  details  of  this  discussion  here,  I shall  only  mention  the  obser- 
vations that  I have  made  in  this  respect.  After  twenty-four,  observations 
forty-eight,  and  even  sixty  hours  of  complete  abstinence,  I have  of 
never  seen  the  contraction  and  pressure  of  the  stomach  of  W'hich 
these  authors  speak  : this  organ  has  always  presented  to  me  very 


* Diction,  des  Sciences  Med.  Art  Digestion. 
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considerable  dimensions,  particularly  in  its  splenic  extremity  ; it 
was  only  after  the  fourth  and  fifth  day  that  it  appeared  to  return 
upon  itself,  to  diminish  much  in  size,  and  slightly  in  position  ; 
even  these  effects  are  not  strongly  marked,  unless  fasting  has  been 
very  strictly  observed. 

Bichat  thinks  that  the  pressure  sustained  by  the  empty  stomach 
is  equal  to  that  which  it  supports  when  distended  by  aliments  ; 
since,  says  he,  the  sides  of  the  abdomen  are  compressed  in  propor- 
tion as  the  volume  of  the  stomach  diminishes.  The  contrary  of 
this  may  be  easily  proved  by  putting  one  or  two  fingers  into  the 
abdominal  cavity  after  having  made  an  incision  in  its  sides  ; it  will 
then  be  easily  discovered,  that  the  pressure  sustained  by  the  viscera 
is  in  a certain  degree  in  direct  proportion  to  the  distentionof  the 
stomach  ; if  the  stomach  is  full,  the  finger  will  be  strongly  pressed, 
and  the  viscera  will  press  outward  to  escape  through  the  opening  ; 
if  it  is  empty,  the  pressure  will  be  very  trifling,  and  the  viscera 
will  have  little  tendency  to  pass  out  from  the  abdominal  cavity. 
It  must  be  understood,  that  in  this  experiment  the  pressure  exert- 
ed by  the  abdominal  muscles  when  they  are  relaxed,  ought  not  to 
be  confounded  with  that  which  they  exert  when  contracted  with 
force.  Thus,  when  the  stomach  is  empty,  all  the  receptacles  con- 
tained in  the  abdomen  are  more  easily  distended  by  the  matters 
which  remain  some  time  in  them.  I believe  this  is  the  principal 
reason  why  bile  then  accumulates  in  the  gall-bladder.  With  re- 
gard to  the  presence  of  bile  in  the  stomach,  which  some  persons 
regard  as  the  cause  of  hunger,  I believe,  unless  in  certain  sickly 
cases,  that  bile  does  not  enter  it,  though  it  continues  to  flow  into 
the  small  intestine,  as  I have  ascertained  by  experiment. 

The  quantity  of  mucus  that  the  cavity  of  the  stomach  pre- 
sents, is  so  much  greater  in  proportion  to  the  prolongation  of  ab- 
stinence. My  experiments  on  this  point  agree  entirely  with  that 
of  Dumas. 

Relatively  to  the  quantity  of  blood  which  goes  to  the  stomach 
when  empty,  in  proportion  to  the  volume  of  its  vessels,  and  the 
mode  of  circulation  which  then  exists,  I am  tempted  to  believe 
that  it  receives  less  of  this  fluid  than  when  it  is  full  of  aliments  ; 
but  far  from  being  in  this  respect  in  opposition  with  the  other  ab- 
dominal organs,  this  disposition  appears  to  be  common  to  all  the 
organs  contained  in  the  abdomen. 
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To  the  general  phenomena  of  hunger  is  ascribed  a weakness  and  General  i>he- 

...  . . ,.111  . 1.  nomena  of 

diminution  of  the  action  of  all  the  organs  ; the  circulation  and  res-  hunger, 
piration  beconte  slow,  the  heat  of  the  body  descends,  the  secretions 
diminish,  the  whole  of  the  functions  are  exerted  with  more  diffi- 
culty. The  absorption  alone  is  said  to  become  more  active,  but 
nothing  is  strictly  demonstrated  in  this  respect. 

Hunger,  appetite  itself,  which  is  only  its  first  degree,  must  be  Feelings  that 
distinguished  from  that  feeling  which  induces  us  to  prefer  one  sort  beconfounded 
of  food  to  another,  from  that  which  causes  us,  during  a repast,  to 
chuse  one  dish  rather  than  another,  &c. 

These  feelings  are  very  different  from  real  hunger,  which  ex- 
presses the  true  wants  of  the  economy  ; they  in  a great  measure 
depend  on  civilization,  on  habits,  and  certain  ideas  relative  to  the 
properties  of  aliments.  Some  of  them  are  in  unison  with  the  sea- 
son, the  climate,  and  then  they  are  equally  legitimate  as  hunger  it- 
self ; such  is  that  which  inclines  us  to  a vegetable  regimen  in  hot 
countries,  or  during  the  heats  of  summer. 

Certain  circumstances  render  hunger  more  intense,  and  cause  it  causes  that 

° ^ ^ render  hunger 

to  return  at  nearer  intervals  : such  as  a cold  and  dry  air,  winter,  more  intense, 
spring,  cold  baths,  dry  frictions  upon  the  skin,  exercise  on  horse- 
back, walking,  bodily  fatigue,  and  generally  all  the  causes  that  put 
the  action  of  the  organs  in  play,  and  accelerate  the  nutritive  pro- 
cess, with  which  hunger  is  essentially  connected.  Some  substances 
being  introduced  into  the  stomach,  excite  a feeling  like  hunger, 
but  which  ought  not  to  be  confounded  with  it. 

These  are  causes  which  diminish  the  intensity  of  hunger,  and 
which  prolong  the  periods  at  which  it  habitually  manifests  itself  : 
amongst  this  number  are  the  inhabiting  of  hot  countries,  and  hu- 
mid places,  rest  of  body  and  mind,  depressing  passions,  and  indeed 
all  circumstances  that  interrupt  the  action  of  the  organs,  and  di- 
minish the  activity  of  nutrition.  There  are  also  substances  which, 
being  brought  into  the  digestive  canals,  prevent  hunger,  or  cause 
it  to  cease,  as  opium,  hot  drinks,  &c. 

What  has  not  been  said  upon  the  causes  of  hunger  ? It  has  Proximate 
been,  by  turns,  attributed  to  the  providence  of  the  vital  principle,  hunger, 
to  friction  of  the  sides  of  the  stomach  against  each  other,  to  the 
dragging  of  the  liver  upon  the  diaphragm,  to  the  action  of  bile 
upon  the  stomach,  to  acrimony  and  acidity  of  the  gastric  juice,  to  ' 
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fatigue  of  the  contracted  fibres  of  the  stomach,  to  compression  of 
the  nerves  of  tliis  viscus,  &c.  8sc. 

Hunger  arises,  like  all  other  internal  sensations,  from  the  action 
of  the  nervous  system  ; it  has  no  other  seat  than  this  system  itself, 
and  no  other  causes  than  the  general  laws  of  organization.  What 
very  well  proves  the  truth  of  this  assertion  is,  that  it  sometimes 
continues  though  the  stomach  is  filled  with  food  ; that  it  cannot 
be  produced  though  the  stomach  has  been  some  time  empty  ; 
lastly,  that  it  is  so  subject  to  habit  as  to  cease  spontaneously  after 
the  habitual  hour  of  lepast  is  over.  Tliis  is  true  not  only  of  the 
feeling  which  takes  place  in  the  region  of  the  stomach,  but  also  of 
the  general  weakness  that  accompanies  it,  and  which  consequently 
cannot  be  considered  as  real,  at  least  in  the  first  instant  in  which 
it  is  manifested. 

Many  authors  confound  hunger  with  the  effects  of  a complete 
abstinence,  continued  till  death  supervenes  : we  shall  not  follow 
their  example.  Hunger,  considered  as  an  instinctive  phenomenon, 
belongs  to  physiology  ; considered  as  the  cause  of  disease,  it  be- 
longs no  more  to  this  science,  but  to  scmeiotics. 


Of  thirst. 

The  desire  of  drinking  is  called  thirst.  It  is  variable  according 
to  individuals,  and  it  is  rarely  uniform  in  the  same  person.  Ge- 
nerally speaking,  it  consists  of  a feeling  of  dryness,  of  heat  and 
constriction,  which  reigns  in  the  back  part  of  the  mouth,  the 
pharynx,  œsophagus,  and  sometimes  the  stomach.  Though  thirst 
continue  but  for  a short  time,  these  parts  swell  and  become  red, 
the  mucous  secretion  ceases  almost  entirely  ; that  of  the  follicles 
changes,  becomes  thick  and  tenacious  ; the  flowing  of  the  saliva 
diminishes,  and  its  viscosity  is  sensibly  augmented. 

These  phenomena  are  accompanied  by  a vague  inquietude,  by  a 
general  heat  ; the  eyes  become  red,  the  mind  is  troubled,  the  mo- 
tion of  the  blood  is  accelerated,  the  respiration  becomes  laborious, 
the  mouth  is  frequently  opened  wide,  in  order  to  bring  the  exter- 
nal air  into  contact  with  the  irritated  parts,  and  thus  to  produce  a 
momentary  ease. 
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For  the  most  part  the  inclination  to  drink  is  developed,  when  causes 
by  some  cause,  for  example,  heat  and  dryness  of  the  atmosphere, 
the  body  has  lost  a great  deal  of  fluid  ; but  it  appears  under  a 
great  many  diflerent  circumstances,  such  as  having  spoken  long, 
having  eaten  certain  sorts  of  food,  or  swallowed  a substance 
which  remains  in  the  œsophagus,  &c.  The  vicious  habit  of  fre- 
quently drinking,  and  the  desire  of  tasting  some  liquids,  such  as 
brandy,  wine,  &c.  cause  the  development  of  a feeling  which  has 
the  greatest  analogy  with  thirst. 

There  are  people  who  have  never  felt  thirst,  who  drink  from  a 
sort  of  sympathy,  but  who  could  live  a long  time  without  think- 
ing of  it,  or  without  suflering  from  the  want  of  it  : there  are  other 
persons  in  whom  thirst  is  often  renewed,  and  becomes  so  strong 
as  to  make  them  drink  from  forty  to  sixty  pints  of  liquid  in  twen- 
ty-four hours  ; in  this  respect  great  individual  differences  are  re- 
marked. 

Let, us,  with  some  authors,  go  back  to  the  proximate  cause  of 
thirst.  Shall  we  say  that  it  is  the  effect  of  the  providence  of  the 
soul  ? Shall  we  place  its  seat  in  the  nerves  of  the  pharynx,  in  the 
bloodvessels,  or  in  the  lymphatic  vessels  ? These  considerations 
ought  henceforward  to  find  a place  only  in  the  history  of  physio- 
logy. Thirst  is  an  internal  sensation,  an  instinctive  feeling  ; it 
belongs  essentially  to  the  organization,  and  admits  of  no  explana- 
tion. 

Neither  shall  we  notice  the  morbid  phenomena  which  accompany 
and  precede  death  by  the  complete  privation  of  fluid  for  drink  ; 
this  study  belongs  entirely  to  pathological  physiology. 

Of  the  aliments. 

The  name  of  aliment  is  given  generally  to  every  substance  which,  of  aliments, 
being  subjected  to  the  action  of  the  organs  of  digestion,  is  capable 
by  itself  of  affording  nourishment.  In  this  sense  an  aliment  is  ex- 
tracted necessarily  from  vegetables  or  animals  ; for  only  those 
bodies  that  have  possessed  life  are  capable  of  serving  usefully  in 
the  nutrition  of  animals  during  a certain  time.  This  manner  of 
regarding  aliments  appears  rather  too  confined.  Why  refuse  the 
name  of  aliments  to  substances  which,  in  reality,  cannot  of  them- 
selves afford  nourishment,  but  which  contribute  efficaciously  to 
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nutrition,  since  they  enter  into  the  composition  of  the  organs,  ami 
of  the  animal  fluids  ? Such  are  the  muriate  of  soda,  the  oxide  of 
iron,  silica,  and  particularly  water,  which  is  found  in  such  abun- 
dance in  the  bodies  of  animals,  and  is  so  necessary  to  them.  It 
appears  to  me  preferable,  to  consider  as  an  aliment  every  sub- 
stance which  can  serve  in  nutrition  ; establishing,  however,  the 
important  distinction  between  substances  which  can  nourish  of 
themselves,  and  those  which  are  useful  to  nutrition  only  in  concert 
with  the  former  *.  Still  the  question  is  not  determined,  whether 
life  could  be  long  supported  by  the  sole  use  of  any  one  species  of 
aliment,  however  nutritive.  {See  Nutrition.) 

As  to  the  abstract  idea  of  what  is  to  be  understood  by  aliment, 
before  defining  it  the  phenomena  of  nutrition  must  be  thoroughly 
known  ; but  this  branch  of  science  is  not  yet  sufficiently  ad- 
vanced. 

In  respect  to  their  nature,  aliments  are  different  from  each 
other,  by  the  proximate  principles  which  predominate  in  their  com- 
position. They  may  be  distinguished  into  nine  classes  : 

1st,  Farinaceous  aliments  : wheat,  barley,  oats,  rice,  rye,  maize, 
potato,  sago,  salep,  peas,  haricots,  lentils,  &c. 

2d,  Mucilaginous  aliments:  carrots,  s&XsMy  ( goatsbeard  ) , beet- 
root, turnip,  asparagus,  cabbage,  lettuce,  artichoke,  cardoons  ( wild 
artichoke),  pompions,  melons,  &c. 

3d,  Sweet  aliments  ; the  different  sorts  of  sugar,  figs,  dates, 
dried  grapes,  apricots,  &c. 

4th,  Acidulous  aliments  : oranges,  gooseberries,  cherries, 
peaches,  strawberries,  raspberries,  mulberries,  grapes,  prunes,  pears, 
apples,  sorrel,  &c. 


• It  lias  been  said,  after  Hippocrates,  “ that  there  are  many  species,  but 
yet  only  one  aliment."  This  proposition  has  never  appeared  to  me  to  be  very 
clear;  if  they  mean  that  in  one  substance  there  is  only  one  nutritive  part,  still 
that  part  will  vary  with  each  individual  aliment.  Is  it  that  all  aliments,  by 
ultimate  decomposition,  contribute  to  form  one  substance — the  chyle  ? Even 
this  is  not  exactly  true,  since  chyle,  as  in  Marcet’s  experiments,  varies  in  its 
qualities  according  to  the  food  from  which  it  has  been  produced.  Do  au- 
thors believe  that  all  aliments  renew  in  the  blood  a particular  substance, 
alone  capable  of  nutrition  ? the  “ quod  nutril"  of  the  ancients  ? But  does 
such  a substance  exist  ? Or,  in  fine,  do  they  imagine  that,  in  the  boundless 
variety  of  aliments,  there  constantly  exists  a particular,  identical,  essentially 
nutritive  principle?  Nothing  is  less  proved. 
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5th,  Fatty  and  oily  aliments  : cocoa,  olives,  sweet  almonds,  nuts, 
walnuts,  the  animal  fats,  the  oils,  butter,  &c. 

6th,  Caseous  aliments  : the  different  sorts  of  milk,  cheese,  &c. 

7th,  Gelatinous  aliments  ; the  tendons,  the  aponeuroses,  the 
chorion,  the  cellular  membrane,  young  animals,  &c. 

8th,  Albiminous  aliments  : the  brain,  the  nerves,  eggs,  &c. 

9th,  Fibrinous  aliments  : the  flesh  and  the  blood  of  different 
animals. 

I have  proposed,  these  some  years  past,  another  mode  of  dis- 
tinguishing aliments  ; it  consists  in  dividing  them  into  two  classes, 
the  one  of  which  comprehends  the  aliments  which  contain  little  or 
nothing  of  azote,  the  other  those  into  which  it  enters  in  a large 
proportion. 

Aliments  little  or  nothing  azotised. 

The  different  sugars  ; red  or  acid  saccharine  fruits  : the  oils,  tlie 
fats,  butter,  mucilaginous  aliments,  the  corns,  rice,  potatoes,  &c. 

Azotised  aliments. 

Leguminous  fruits,  as  peas,  beans,  haricots,  lentils,  sweet  and 
bitter  almonds,  nuts  ; gelatinous,  albuminous,  fibrinous,  aliments, 
and  especially  the  different  kinds  of  cheese  : for  casein  is  of  all 
the  proximate  azotised  principles,  that  in  which  azote  is  found  in 
the  largest  proportion. 

This  distinction  of  the  aliments,  into  azotised  and  non-azotised, 
is  very  useful  in  its  application  to  regimen  ; above  all,  in  such 
diseases  as  gout,  rheumatism,  and  gravel  *. 

We  may  add  to  this  list  a great  number  of  substances  that  are 
employed  as  medicines,  but  which  doubtless  are  nutritive,  at  least 
in  some  of  their  immediate  principles:  such  as  manna,  tamarinds, 
the  pulp  of  cassia,  the  extracts  and  saps  of  vegetables,  the  animal 
or  vegetable  decoctions,  commonly  called  ptisans,  &c. 

Amongst  aliments  there  are  few  employed  such  as  nature  pre-  Preparation 

^ of  alimentî?v 


• See  my  memoir  on  non-azotised  aliments.  Annales  de  Chimie  1816,  and 
researches  on  gout  and  gravel  1818. 
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sents  them  ; they  are  generally  prepared,  and  disposed  in  such  a 
manner  as  to  be  suitable  for  the  action  of  the  digestive  organs. 
The  preparations  which  they  undergo  are  infinitely  various,  ac- 
cording to  the  sort  of  aliment,  the  people,  the  climate,  customs, 
the  degree  of  civilization  : even  fashion  is  not  without  its  influence 
on  the  art  of  preparing  aliments. 

In  the  hand  of  the  skilful  cook,  alimentary  substances  almost 
entirely  change  their  nature:  — form,  consistence,  odour,  taste, 
colour,  composition,  &c.,  every  thing  is  so  modified  that  it  is  im- 
possible for  the  most  delicate  taste  to  recognise  the  original  sub- 
stance of  certain  dishes. 

The  useful  object  of  cookery  is  to  render  aliments  agi-eeable  to 
the  senses,  and  of  easy  digestion  ; but  it  rarely  stops  here  : fre- 
quently with  people  advanced  in  civilization  its  object  is  to  excite 
delicate  palates,  or  difficult  tastes,  or  to  gratify  vanity.  Then,  far 
from  being  a useful  art,  it  indeed  exerts  a great  social  influence, 
and  contributes  somewhat  to  the  comfort  and  improvement  of 
society  ; but  oftener  becomes  a real  scourge,  which  occasions  a 
great  number  of  diseases,  and  has  frequently  brought  on  premature 
death. 

Of  drinks- 

We  understand  by  drink,  a liquid  which,  being  introduced  into 
the  digestive  organs,  quenches  thirst,  and  repairs  the  habitual 
losses  of  our  fluid  humours.  The  drinks  ought  to  be  considered 
as  real  aliments. 

The  drinks  are  distinguished  by  their  chemical  composition  : 

1 st.  Water  of  different  sorts,  spring  water,  river  water,  water  of 
wells,  &c. 

2d,  The  juices  and  infusions  of  vegetables  and  animals  : juices 
of  lemon,  of  gooseberries,  whey,  tea,  coffee,  &c. 

3(1,  Fermented  liquors  : the  different  sorts  of  wine,  beer,  cider, 
perry,  &c. 

4th,  The  alcoholic  liquors:  brandy,  alcohol,  ether,  cherry  brandy, 
rum,  rack,  ratafia®  *. 


* See  the  Encyclopédie  Méthodique  and  the  Dictionnaire  des  Sciences  Médi- 
cales, Art.  Aliment. 
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Of  the  digestive  actions  in  particular. 

The  diffestive  actions  which  by  their  union  constitute  digestion,  or  the  diges- 

^ ^ • , . , actions 

are,  1st,  the  apprehension  of  aliments;  2d,  mastication;  3d,  in- >n  particular, 
salivation  ; 4th,  deglutition  ; 5th,  the  action  of  the  stomach  ; 6th, 
the  action  of  the  small  intestines  ; 7lh,  the  action  of  the  large  in- 
testines ; 8th,  the  expulsion  of  fecal  contents. 

All  the  digestive  actions  do  not  equally  contribute  to  the  pro- 
duction of  chyle  ; the  action  of  the  stomach  and  that  of  the  small 
intestines,  are  alone  absolutely  necessary. 

The  digestion  of  solid  food  requires  generally  the  eight  diges- 
tive actions  ; that  of  drinfe  is  much  more  simple  ; it  comprehends 
only  apprehension,  deglutition,  the  action  of  the  stomach,  and  that 
of  the  small  intestine. 

We'  shall  first  treat  of  the  digestion  of  aliments,  and  afterwards 
of  that  of  drinks. 


Of  the  apprehension  of  solid food. 

The  organs  for  taking  in  food  are  the  superior  extremities  and  or  the  taking 
the  mouth.  We  have  spoken  elsewhere  of  the  superior  extremi- 
ties ; we  shall  say  a few  words  of  the  diflerent  parts  which  consti- 
tute the  mouth. 

With  anatomists,  the  mouth  is  the  oval  cavity  formed  above  by  organs  of  ap- 
the  palate  and  the  upper  jaw  ; below,  by  the  tongue  and  the  lower  solid  food, 
jaw  ; on  the  sides,  by  the  cheeks  ; behind,  by  the  velum  of  the 
palate  and  the  pharynx  ; and  in  front  by  the  lips. 

The  dimensions  of  the  mouth  are  variable  in  different  persons, 
and  are  susceptible  of  an  enlargement  in  every  direction  ; down- 
wards, by  lowering  the  tongue  and  separating  the  jaws  ; trans- 
versely, by  the  distention  of  the  cheeks  ; and  from  the  front  back- 
wards, by  the  motion  of  the  lips,  and  of  the  velum  of  the  palate. 

The  jaws  determine  most  particularly  the  form  and  dimensions 
of  the  mouth  ; the  superior  jaw  makes  an  essential  part  of  the 
face,  and  moves  only  along  with  the  head  ; on  the  contrary,  the 
inferior  possesses  a very  great  mobility. 

The  jaws  are  furnished  with  small,  very  hard  bodies,  called  or  the  teeth, 
teeth  ; they  are  generally  considered  as  bones,  but  they  are  very 
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teethe 
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flift’erent  in  many  respects,  and  particularly  in  that  of  structure,  in 
the  mode  of  formation,  in  their  uses,  in  their  unchangeableness 
from  contact  with  air  ; but  they  are  like  bones  in  respect  of  their 
hardness  and  chemical  composition. 

Every  one  knows  that  there  are  three  sorts  of  teeth  : the  in- 
cisors, which  fill  the  anterior  part  of  the  jaws  ; the  grinders,  which 
fill  the  posterior  part  ; and  the  eye-teeth,  which  are  placed  be- 
tween the  incisors  and  the  grinders. 

There  are  two  parts  distinguished  in  the  teeth  ; the  one  exte- 
rior, the  other  contained  in  the  jaws.  These  two  parts  are  diffe- 
rently disposed.  The  exterior,  having  particular  uses  in  each 
species  of  teeth,  has  a variable  form.  It  is  cubic  in  the  grinders, 
conical  in  the  eye-teeth,  wedgelike  in  the  incisors.  Whatever  be 
the  form,  its  hardness  is  very  great  ; it  wears  with  time,  like  inert 
bodies  that  undei'go  repeated  frictions. 

The  roots  having  one  common  use  in  the  three  sorts,  that  of 
forming  the  junction  of  the  teeth  with  the  jaws,  and  transmitting 
to  them  the  very  great  efforts  which  the  teeth  sometimes  support, 
they  ought  to  have,  and  in  fact  possess,  one  common  form.  They 
are  received  into  cavities  called  sockets;  they  fill  them  exactly. 
The  sides  of  these  cavities  appear  to  exert  a considerable  pressure 
upon  the  roots  of  the  teeth  ; we  may  at  least  suppose  so,  for  these 
cavities  press  in  upon  each  other,  and  become  obliterated  when 
they  contain  no  root  of  the  teeth,  or  any  thing  which  has  the  same 
form  and  resistance. 

The  incisors  and  the  eye-teeth  have  only  one  root  ; the  grinders 
have  generally  several.  But  whatever  is  their  number,  the  roots 
have  always  tl-.e  form  of  a cone,  the  base  of  which  corresponds  to 
the  exterior,  and  the  top  to  the  bottom  of  the  socket  ; in  certain 
cases  they  present  curves  more  or  less  marked. 

The  edge  of  the  socket  is  covered  with  a thick  layer,  fibrous 
and  resisting,  denominated  gum.  This  layer  surrounds  exactly 
the  inferior  part  of  the  teeth,  adheres  forcibly  to  them,  and  adds 
to  the  solidity  of  the  junction  of  the  teeth  with  the  jaws.  It  is  ca- 
pable of  supporting  a very  strong  pressure  without  inconvenience  : 
we  shall  see  the  advantages  that  result  from  this  disposition. 

We  ought  to  consider  among  the  parts  that  contribute  to  the  ap- 
prehension of  aliments,  the  muscles  that  move  the  jaws,  and  parti- 
cularly the  inferior.  The  same  thing  takes  place  with  the  tongue. 
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the  numerous  motions  of  which  have  a great  influence  on  the  di- 
mensions of  the  mouth. 

Mechanism  o/’ the  apprehension  of  food. 

Nothing  is  simpler  than  the  apprehension  of  food  ; it  consists  in 
the  introduction  of  alimentary  substances  into  the  mouth.  For 
this  purpose  the  hands  seize  the  aliments  and  divide  them  into 
small  portions  susceptible  of  being  contained  in  the  mouth,  and  in- 
troduce them  into  it  either  directly  or  by  means  of  proper  instru- 
ments. 

But,  in  order  to  their  being  received  into  this  cavity,  the  jaws  ^ 

must  separate  ; in  other  words,  the  mouth  opens.  Now,  there 
have  been  long  discussions  in  order  to  know,  if,  in  the  opening  of 
the  mouth,  the  lower  jaw  alone  moves,  or  if  the  two  jaws  move  at 
the  same  time.  Without  entering  into  this  inquiry,  which  per- 
haps does  not  deserve  all  the  importance  which  is  attached  to  it,  we 
shall  merely  observe,  that  it  is  easily  seen  that  the  lower  jaw  alone 
moves  when  the  mouth  is  opened  in  an  ordinary  manner.  When 
it  is  opened  widely,  the  upper  jaw  is  raised,  that  is,  the  head  is 
slightly  thrown  back  upon  the  vertebral  column  : but  in  every 
case  the  inferior  jaw  is  always  that  whose  motions  are  most  ex- 
tended, at  least  if  no  physical  object  is  opposed  to  it.  In  this  case 
the  opening  of  the  mouth  depends  solely  upon  the  throwing  back 
of  the  head  upon  the  vertebral  column,  or,  what  is  the  same  thing, 
on  the  elevation  of  the  superior  jaw. 

In  many  cases,  when  the  food  is  introduced  into  the  mouth,  the  Action  of  the 
jaws  come  together  to  retain  it,  and  assist  in  mastication,  or  deglu- 
tition  ; but  frequently  the  elevation  of  the  inferior  jaw  contributes 
to  the  taking  of  food.  We  have  an  example  of  it  when  one  bites 
into  fruit:  the  incisors  are  then  thrust  into  the  alimentary  sub- 
stance in  opposite  directions,  and,  acting  as  the  blades  of  scissors, 
they  detach  a portion  of  the  mass. 

This  motion  is  produced  principally  by  the  contraction  of  the 
elevating  muscles  of  the  lower  jaw,  which  represents  a lever  of  the 
third  kind,  the  poxver  of  which  is  at  the  insertion  of  the  elevating 
muscles,  the  point  of  support  at  the  temporo-maxillary  articulation, 
and  the  resistance  in  the  substance  upon  which  the  teeth  act.  The 
volume  of  the  body  placed  between  the  incisors  has  an  influence 
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upon  the  force  by  which  it  may  be  pressed.  If  it  is  smail  the 
power  will  be  much  greater,  for  all  the  elevating  muscles  are  in- 
serted perpendicularly  to  the  jaw,  and  tlie  wliole  of  their  force  is 
employed  in  moving  the  lever  that  it  represents  ; if  the  volume  of 
the  body  is  such  that  it  can  hardly  enter  the  mouth,  though  it  pre- 
sents very  little  resistance,  the  incisors  will  not  enter  it,  for  the 
masseter,  the  temporal,  and  the  internal  pterygoid  muscles,  are  in- 
serted very  obliquely  into  the  jaw,  whence  results  the  loss  of  the 
Manner  of  greater  part  of  the  force  that  theydevelope  in  contracting.  When 
teeth  with  the  efforts  of  the  muscles  of  the  jaws  are  not  sufficient  to  detach 
a portion  of  the  alimentary  mass,  the  hand  so  acts  upon  it  as  to 
separate  it  from  the  portion  retained  by  the  teeth.  On  the  other 
hand,  the  posterior  muscles  of  the  neck  draw  the  head  strongly 
back,  and  from  the  combination  of  these  efforts  results  the  separa- 
tion of  a portion  of  the  food  which  remains  in  the  mouth.  In  this 
mode  the  incisors  and  eye-teeth  are  generally  employed;  the 
Accumulation  grinders  are  rarely  used  *.  By  the  succession  of  these  motions  of 
mouth.  taking  food  the  mouth  is  filled,  and  on  account  of  the  suppleness 
of  the  cheeks,  and  the  easy  depression  of  the  tongue,  a consider- 
able quantity  of  food  may  be  accumulated  in  it. 

When  the  mouth  is  full,  the  velum  of  the  palate  is  lowered,  its 
inferior  edge  is  applied  upon  the  most  distant  part  of  the  base  of 
the  tongue,  so  that  all  communication  is  intercepted  between  the 
mouth  and  the  pharynx. 

Mastication  and  insalivation  of  food. 

fd'into'th'^'  Independently  of  what  we  have  said  of  the  mouth,  in  respect 
mouth.  to  taking  food,  to  conceive  its  uses  in  mastication  and  insaliva- 
tion, it  is  useful  to  remark  that  fluids  abound  in  the  mouth  pro- 
ceeding from  different  sources.  First,  the  mucous  membrane  which 
covers  its  sides  secretes  an  abundant  mucous  fluid  ; numerous 
follicles,  insulated  or  agglomerated,  that  are  observed  in  the  interior 
of  the  cheeks,  at  the  junction  of  the  lips  with  the  gums,  upon  the 
back  of  the  tongue,  on  the  anterior  aspect  of  the  velum  and  the 
uvula,  pour  continually  the  liquid  which  they  form  into  the  internal 


• In  carnivorous  animals,  which  frequently  employ  this  mode  of  apprehen- 
sion, all  the  three  species,  but  chiefly  the  canine  teeth,  contribute  to  its  per- 
formance. 
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surface  of  the  mouth.  The  same  thing  takes  place  with  those 
mucous  glands  which  exist  in  great  number  in  the  interior  of  the 
cheeks  and  palate^. 

Lastly,  there  is  poured  into  the  mouth  the  saliva  secreted  by  six 
glands,  three  on  each  side,  and  which  bear  the  name  of  parotid, 
sub-maxillary,  and  sub-lingual.  The  first,  placed  between  the  ex- 
ternal ear  and  the  jaw,  have  each  a secreting  canal  which  opens  on 
the  level  of  the  second  small  superior  grinder  ; each  maxillary  gland 
has  one  which  terminates  on  the  sides  of  the  ligaments  of  the 
tongue,  near  which  those  of  the  sublingual  glands  open.® 

These  fluids  are  probably  variable  in  their  physical  and  chemi- 
cal properties,  according  to  the  organs  by  which  they  are  formed  ; 
but  the  distinction  has  not  yet  been  established  by  direct  che- 
mical experiments  ; the  mixture  under  the  name  of  saliva  has  been  of  saliva, 
exactly  analyzed 

Amongst  the  alimentary  substances  deposited  in  the  mouth,  the 
one  sort  only  traverse  this  cavity  without  suffering  any  change  ; 
the  Qthers,  on  the  contrary,  remain  a considerable  time  in  it,  and 
undergo  important  modifications.  The  first  are  the  soft  sorts  of 
food,  or  nearly  liquid,  of  which  the  temperature  is  little  different 
from  that  of  the  body  ; the  second  are  the  aliments,  which  are 
hard,  dry,  and  fibrous,  and  those  whose  temperature  is  more  or 
less  different  from  what  is  proper  for  the  animal  economy.  They 
are  both,  however,  appreciated  by  the  organs  of  taste,  in  passing 
through  the  mouth. 

We  may  attribute  to  three  principal  modifications  the  changes  changes 
which  the  food  undergoes  in  the  mouth  : 1st,  change  of  tempera-  undergoS'in 
ture  ; 2d,  mixture  with  the  fluids  that  are  poured  into  the  mouth, 
and  sometimes  dissolution  in  these  fluids;  3d,  pressure  more  or 
less  strong,  and  very  often  division,  which  by  bruising,  destroys  the 
cohesion  of  their  parts.  It  is,  besides,  easily  and  frequently  trans- 
ported fi  om  one  part  of  this  cavity  to  another.  These  three  modes 
of  change  do  not  take  place  successively,  but  simultaneously,  by 
mutually  favouring  each  other. 

The  change  of  temperature  of  the  food  retained  in  the  mouth  is  change  of 
evident  ; the  sensation  which  it  excites  in  it  is  sufficient  to  prove 


See  secretion  of  saliva. 
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this.  If  it  lias  a low  temperature,  it  produces  a vivid  impression 
of  cold,  which  continues  until  it  has  absorbed  the  caloric  neces- 
sary to  bring  it  near  the  temperature  of  the  sides  of  the  mouth  ; 
the  contrary  takes  place,  if  the  temperature  is  higher  than  that  of 
the  mouth. 

It  is  the  same  with  our  judgment  on  this  occasion,  as  with  that 
which  relates  to  the  temperatures  of  bodies  which  touch  the  skin  ; 
we  join  to  it,  unknown  to  us,  a comparison  with  the  temperature 
of  the  atmosphere,  and  with  that  of  the  bodies  which  have  been 
previously  in  contact  with  the  mouth  ; so  that  a body,  preserving 
the  same  degree  of  heat,  will  appear  to  us  alternately  hot,  or  cold, 
according  to  the  temperature  of  the  bodies  formerly  in  the  mouth. 

The  change  of  temperature  that  the  food  undergoes  in  the  mouth 
is  only  an  accessory  phenomenon  : its  trituration,  and  its  mixture, 
more  or  less  intimate,  with  the  fluids  poured  into  this  cavity,  are 
what  merit  particular  attention. 

As  soon  as  an  aliment  is  introduced  into  the  mouth,  it  is  press- 
ed by  the  tongue,  applying  it  against  the  palate,  or  against  some 
other  part  of  the  sides  of  the  moutii.  If  the  aliment  is  soft,  if  its 
parts  cohere  but  little,  this  simple  pressure  is  enough  to  break  it  ; 
if  the  alimentary  substance  is  composed  of  liquid  and  solid,  the 
liquid  is  expressed  by  this  pressure,  and  the  solid  part  only  re- 
mains in  the  mouth.  The  tongue  produces  the  effect,  of  which 
we  speak,  so  much  better,  in  proportion  as  its  membrane  is  mus- 
cular, and  as  a great  number  of  muscles  are  destined  to  move  it. 

It  might  astonish  us  that  the  tongue,  which  is  so  soft,  could  be 
capable  of  breaking  a body  offering  even  small  resistance  ; but,  on 
the  one  hand,  it  hardens  in  contracting,  like  all  the  muscles,  and 
besides,  it  presents  under  the  mucous  membrane  which  covers  its 
superior  aspect,  a dense  and  thick  fibrous  layer. 

Such  are  the  phenomena  that  take  place  if  the  food  has  but 
little  resistance  ; but  if  it  presents  a considerable  resistance,  it  then 
undergoes  the  action  of  the  masticating  organs. 

The  essential  agents  of  mastication  are  the  muscles  that  move 
the  jaws,  the  tongue,  the  cheeks,  and  the  lips  ; the  maxillary  bones 
and  the  teeth  serve  only  as  simple  instruments. 

Though  the  motions  of  both  jaws  may  contribute  to  mastica- 
tion, it  is  produced  almost  always  by  those  of  the  inferior  one.  This 
bone  may  be  lowered,  raised,  and  pressed  strongly  against  the 
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upper  jaw  ; carried  forwards,  backwards,  and  even  directed  a little 
towards  the  sides.  These  dififerent  motions  are  produced  by  the 
numerous  muscles  which  are  attached  to  the  jaw. 

But  the  jaws  could  never  have  produced  the  necessary  effect  in 
mastication  if  they  had  not  been  furnished  with  teeth,  the  physi- 
cal properties  of  which  are  particularly  suited  to  this  digestive  ac- 
tion. 

Some  remarks  upon  these  bodies  are  necessary  for  the  know- 
ledge of  what  follows. 

The  grinders  are  those  which  serve  the  most  to  bruise  the  food  ; 
tliey  are  twenty  in  number,  ten  in  each  jaw,  five  on  the  right  and 
five  on  the  left.  The  form  of  their  crown  is  that  of  an  irregular  cube  ; 
the  surface  by  which  they  correspond,  is  bristled  with  pyramidal 
eminences,  variable  in  number,  according  as  they  are  examined  in 
the  anterior  or  small,  or  in  the  posterior  or  large  grinders-  These 
asperities  are  so  disposed,  that  those  of  the  superior  teeth  may 
easily  grind  against  those  of  the  inferior,  and  vice  versa. 

In  the  inferior  part  and  centre  of  the  crown  of  the  tooth,  there 
exists  a cavity  filled  by  the  organ  which  secreted  the  tooth  in  child- 
hood, There  is  a canal  in  the  root,  traversed  by  an  artery,  a ner- 
vous filament,  and  a vein  ; all  destined  to  the  bulb  of  the  tooth. 

The  substance  which  forms  the  teeth  is  of  an  excessive  hardness,  Remarks  ui>- 
particularly  the  exterior  layer,  or  enamel  * : this  dispo.sition  is  very 
necessary.  Destined  to  bruise  bodies  of  which  the  cohesion  is 
sometimes  very  great,  it  was  necessary  that  they  should  present  a 
proportional  hardness  ; besides,  as  they  perform  this  office  during 
the  whole  of  life,  or  nearly  so,  it  was  necessary  that  they  should 
wear  but  slowly.  In  this  last  respect  their  extreme  hardness  was 
indispensable  ; for'  no  bodies,  however  hard  they  may  be,  can  bear 
repeated  friction  without  being  worn  ; and  those  bodies  whose 
hardness  is  less,  ought,  with  equal  friction,  to  be  worn  down  with 
greater  rapidity. 

The  matter  which  forms  the  body  and  root  of  the  teeth  appears  chemkai 
homogeneous  in  all  its  parts  ; on  the  contrary,  the  enamel  which  ofTieth.'*”'* 
covers  the  crown,  presents  fibres  very  adherent  to  each  other,  and 
disposed,  for  the  most  part,  perpendicularly  to  the  surface  of  the 


This  layer  is  so  hard  that  it  strikes  fire  with  steel. 
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tooth.  Human  teeth  are  formed  almost  entirely  of  carbonate  and 
phosphate  of  lime  ; in  100  parts,  99.5  consist  of  these  salts  f the 
remainder  is  of  animal  matter  *.  The  enamel  is  almost  entirely 
void  of  it  : its  whiteness  and  great  hardness  ought  to  be  attributed 
to  this  cause. 

We  have  already  shewn  how  very  solid  is  the  articulation  of  the 
teeth  with  the  jaws  ; the  grinders,  on  account  of  their  use,  ought 
to  present  an  articulation  still  more  solid  ; they  have  also  many 
roots,  or  if  they  have  only  one  it  is  larger.  For  the  rest,  whether 
they  are  single  or  more  numerous,  their  form  is  conical,  and  they 
are  received  into  sockets  of  the  same  form.  Every  root  is  like  a 
wedge  driven  into  the  jaw. 

The  whole  of  the  teeth  proper  to  each  jaw,  form  what  is  called 
in  anatomy  the  alveolar  arches. 

The  form  of  these  arches  is  semiparabolic  ; the  inferior  is  a 
little  larger  than  the  superior  ; the  inferior  aspect  of  the  latter  is  a 
little  inclined  outwards,  whilst  the  superior  aspect  of  the  inferior 
is  turned  inwards.  These  surfaces  present  in  the  part  formed  by 
the  grinders  a central  furrow,  bordered  by  two  rows  of  eminences. 
When  the  jaws  are  placed  together,  the  inferior  incisors  and  eye- 
teeth are  placed  partly  behind  the  superior  ; the  salient,  external 
edge,  of  the  inferior  alveolar  arch,  enters  into  the  furrow  of  the  supe- 
rior. In  the  circumstances  in  which  the  incisors  meet  upon  their 
edges,  there  remains  an  interval  between  the  molares. 

To  add  to  the  solidity  of  the  junction  of  the  teeth  with  the  jaws, 
nature  has  so  disposed  them  that  they  almost  all  touch  by  their 
sides,  which  present  a particular  surface  for  this  purpose.  It  re- 
sults from  this  disposition,  that  when  one  tooth  supports  any  ef- 
for  whatever,  a part  of  it  is  sustained  by  the  whole  arch  to  which 
it  belongs. 

These  facts  being  known,  it  is  easy  to  explain  the  mechanism  of 
mastication. 


* Experiments  have  taught  me,  that  the  proportion  of  animal  matter  is 
considerably  greater  in  herbivorous,  and  still  more  in  carnivorous  animals. 
Of  the  three,  herbivorous  animals  have  in  their  teeth  the  largest  proportion 
of  carbonate  of  lime. 


COMPENDIUM  OF  PHYSIOLOGY. 


283 


Mechanism  of  mastication. 

For  the  commencement  of  mastication,  the  inferior  iavv  must  Mechwism  of 

. . mastication. 

be  lowered  ; an  effect  which  is  produced  by  the  relaxation  of  its 
elevating,  and  the  contraction  of  its  depressing  muscles.  The 
food  must  then  be  placed  between  the  dental  arches,  either  by  the 
tongue  or  some  other  agent  ; the  inferior  jaw  is  then  raised  by  the 
masseter,  internal  pterygoid,  and  temporal  muscles,  the  intensity 
of  whose  contraction  depends  upon  the  resistance  of  the  food. 

This  being  pressed  between  two  unequal  surfaces,  the  asperities  of 
which  fit  into  each  other,  is  divided  into  small  portions,  the  num- 
ber of  which  is  in  proportion  to  the  facility  with  which  they  have 
given  way. 

But  a motion  of  this  kind  reaches  only  a part  of  the  food  con» 
tained  in  the  mouth,  aud  it  must  be  all  equally  divided.  This 
takes  place  by  the  successive  motions  of  the  inferior  jaw,  and  by 
the  contraction  of  the  muscles  of  the  cheeks,  of  those  of  the  tongue 
and  lips,  which  bring  the  food  between  the  teeth,  successively  and 
promptly,  during  the  separation  of  the  jaws,  that  it  maybe  bruised 
when  they  come  together. 

When  alimentary  substances  are  soft  and  easily  bruised,  two  Mastication  of 
or  three  masticatory  motions  are  sufficient  to  divide  all  that  is 
in  the  mouth  ; the  three  kinds  of  teeth  are  employed  in  it.  A 
longer  continued  mastication  is  necessary  when  the  substances  are 
more  resisting,  fibrous,  or  tough  ; in  this  case  we  chew  only  with 
the  molares,  and  often  only  with  one  side  at  a time,  to  allow 
the  other  to  rest.  In  employing  the  grinders,  there  is  an  advan- 
tage of  shortening  the  arm  of  the  lever  represented  by  the  jaw, 
and  by  so  doing,  of  rendering  it  more  advantageous  for  the  power 
that  moves  it. 

In  mastication,  the  teeth  have  sometimes  to  support  very  Transmission 

* ^ " of*  pr6ssur6 

considerable  efforts,  which  would  inevitably  shake,  or  else  displace  upon  the 

1 • /•  1 1-  t • * teeth,  to  the 

them,  were  it  not  tor  the  extreme  solidity  of  their  articulation  i^ws. 

with  the  jaws.  Each  root  acts  like  a wedge,  transmitting  to  the 

sides  of  the  sockets  the  force  by  which  it  is  pressed. 

The  advantage  of  the  conical  form  of  the  roots  is  not  doubtful. 

By  reason  of  this  form,  the  force  by  which  the  tooth  is  piessed, 
and  which  tends  to  thrust  it  into  the  jaw,  is  decomposed  ; one 
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part  tends  to  separate  the  sides  of  the  socket,  the  other  to  lower 
them  ; and  the  transmission,  instead  of  being  carried  to  the  extre- 
mity of  the  root,  whicli  could  not  have  failed  to  take  place  in  a 
cylindric  form,  is  distributed  over  all  the  surface  of  the  socket. 
The  grinders,  that  have  more  considerable  efforts  to  sustain,  have 
a number  of  roots,  or  at  least  one  root,  very  large.  The  incisors 
and  eye-teeth,  that  have  only  one  small  root,  have  never  any 
great  pressure  to  support. 

If  the  gums  had  not  presented  a smooth  surface  and  a dense 
tissue,  placed  as  they  are  round  the  neck  of  the  teeth,  and  filling 
their  intervals,  they  would  have  been  torn  every  instant  ; for  in 
the  mastication  of  hard  and  irregular  substances,  they  are  constant- 
ly exposed  to  the  pressure  of  their  edges  and  angles.  This  incon- 
venience happens  whenever  their  tissue  becomes  soft,  as  in  scor- 
butic affections. 

Use  of  velum  During  the  time  of  mastication  the  mouth  is  shut  behind  by  the 
tion.  curtain  of  the  palate,  the  anterior  surface  of  which  is  pressed 

against  the  base  of  the  tongue  ; before,  the  food  is  retained  by  the 
teeth  and  lips. 

Insalivation  of  aliments. 

When  an  appetite  for  food  is  present,  the  view  of  it  determines  a 
considerable  afflux  of  saliva  into  the  mouth  ; in  some  people  this  is 
so  strong,  as  to  be  projected  to  the  distance  of  several  feet.  I 
have  at  present  before  my  eyes  an  example  of  this  kind.  The 
presence  of  food  in  the  mouth  keeps  up  and  excites  this  abundant 
secretion. 

îiisaiivation  of  Whilst  the  aliments  are  bruised  and  triturated  by  the  masticat- 
ing organs,  they  imbibe,  and  are  penetrated  completely  by  the 
fluids  that  are  poured  into  the  mouth,  and  particularly  by  the 
saliva.  It  is  easy  to  conceive  that  the  division  of  the  food,  and  the 
numerous  displacements  that  it  suffers  during  mastication,  singu- 
larly favour  its  mixture  with  the  mucous  and  salivary  juices. 

Most  of  the  alimentary  substances  submitted  to  the  action  of 
the  mouth,  are  dissolved  or  suspended  wholly  or  in  part  in  the 
saliva,  and  immediately  they  become  proper  for  being  introduced 
into  the  stomach,  and  are  forthwith  swallowed. 
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On  account  of  its  viscosity,  the  saliva  absorbs  the  air,  which 
sweeps  along  it,  in  the  different  motions  necessary  for  mastication  ;a 
but  the  quantity  of  air  absorbed  in  this  circumstance  is  inconside- 
rable, and  has  been  generally  exaggerated.® 

Of  what  use  is  the  trituration  of  food  and  its  mixture  with 
saliva  ? Is  it  a simple  division,  which  renders  the  aliments  more 
proper  for  the  alterations  which  they  undei’go  in  the  stomach,  or  do 
they  suffer  the  first  degree  of  animalization  in  the  mouth  ? On  this 
point  there  is  nothing  certain  known. 

Let  us  remark,  that  mastication  and  insalivation  change  the  taste 
and  odour  of  food  ; that  mastication,  sufficiently  prolonged,  gene- 
rally renders  digestion  more  quick  and  easy  ; that,  on  the  con- 
trary, people  who  do  not  chew  their  food,  have  often  on  this  ac- 
count very  painful  and  slow  digestion. 

We  are  informed  that  mastication  and  insalivation  are  carried 
sufificiently  far  by  the  degree  of  resistance  and  savour  of  the  food  ; 
moreover,  the  sides  of  the  mouth  being  endowed  with  tact,  and  the 
tongue  with  a real  sense  of  touch,  they  are  very  capable  of  appre- 
ciating the  physical  changes  which  the  food  undergoes. 

By  some  authors  this  office  is  attributed  to  the  uvula  *:  I doubt 
their  opinion,  for  its  situation  has  no  relation  with  the  food  during 
mastication.  I have  often  observed  persons  who  had  lost  the 
uvula  altogether,  either  by  a venereal  ulcer,  or  by  excision,  and  I 
have  never  remarked  that  their  mastication  suffered  the  least  de- 
rangement, or  that  they  swallowed  improperly. 

Of  deglutition  of  aliments. 

Deglutition  is  understood  to  be  the  passage  of  a substance, 
either  solid,  liquid,  or  gaseous,  from  the  mouth  to  the  stomach. 
Deglutition  of  solid  food  is  the  only  kind  that  will  occupy  us  at 
present.  Though  deglutition  is  very  simple  in  appearance,  it  is 
nevertheless  the  most  complicated  of  all  the  muscular  actions 
that  serve  for  digestion.  It  is  produced  by  the  contraction  of  a 


* It  is,  they  affirm,  a vigilant  sentinel,  and  judges  of  the  instant  when  the 
bolus  can  be  transmitted  with  impunity  ; it  keeps  the  organs  of  deglutition 
and  the  stomach  im  the  alert,  and  disjmses  them  to  receive  or  reject  the  ali- 
ment presented. 


Utility  of 
mastication 
and  insaliva- 
tion of  food. 


In  what  man- 
ner we  know 
that  raastica  ■ 
tion  and  insa- 
livation are 
carried  sutii- 
ciently  far. 


Deglutition. 
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great  number  of  muscles,  and  requires  the  concurrence  of  many 
important  organs. 

Apparatus  of  All  the  muscles  of  the  tongue,  those  of  the  velum  of  the  palate, 

«csiutition.  p},3,yfjXj  of  the  larynx,  and  of  the  muscular  layer  of  the 

œsophagus,  are  employed  in  deglutition.  If  we  wish  to  acquire  an 
accurate  idea  of  this  act,  we  ought  to  have  an  exact  and  de- 
tailed account  of  it.  The  nature  of  this  work  will  not  suffer  us  to 
give  anatomical  details  of  this  kind  ; we  shall  present  only  some 
observations  upon  the  velum  of  the  palate,  the  pharynx,  and  the 
oesophagus. 

Of  the  velum  The  velum  is  a sort  of  valve  attached  to  the  posterior  edge  of 

o tie  palate,  pgJate  ; its  form  is  nearly  quadrilateral  ; its  free  or 

inferior  edge  is  pointed,  and  forms  the  uvula.  Like  the  other 
valves  of  the  intestinal  canal,  the  velum  is  essentially  formed  by  a 
duplicature  of  the  digestive  mucous  membrane  ; there  are  many 
mucous  follicles  that  enter  into  its  composition,  particularly  in  the 
uvula.  Eight  muscles  move  it  ; it  is  raised  by  the  two  internal 
<pterygoid  ; the  external  'pterygoid  extend  it  transversely  ; the  two 
palato-pharyngei,  and  the  two  constrictores  isthmi Jaucium,  carry 
it  downwards.  These  four  are  seen  at  the  bottom  of  the  throat, 
where  they  raise  the  mucous  membrane,  and  form  the  pillars  of 
the  velum  of  the  palate,  between  which  are  situated  the  amygda- 
lae, a mass  of  mucous  follicles.  The  opening  between  the  base 
of  the  tongue  below,  the  velum  of  the  palate  above,  and  the  pillars 
laterally,  is  called  the  isthmus  of  the  throat.  By  means  of  this 
muscular  apparatus,  the  velum  of  the  palate  may  have  many 
changes  of  position.  In  the  most  common  state  it  is  placed  verti- 
cally, one  of  its  faces  is  anterior,  the  other  posterior  ; in  certain 
cases  it  becomes  horizontal  : it  has  then  a superior  and  inferior  as- 
pect, and  its  free  edge  corresponds  to  the  concavity  of  the  pharynx. 
This  last  position  is  determined  by  the  contraction  of  the  elevating 
muscles. 

Bichat  asserts  that  the  elevation  of  the  velum  may  go  so  far  as 
to  apply  it  against  the  opening  of  the  posterior  nostrils  : this  mo- 
tion appears  impossible  ; there  is  no  muscle  so  disposed  as  to  pro- 
duce it,  and  the  position  of  tiie  pillars  evidently  opposes  it.  The 
lowering  of  the  velum  is  produced  by  the  contraction  of  the 
muscles  that  form  the  pillars.  We  have  already  noticed,  that  these 
motions  in  most  jicrsons  do  not  depend  on  the  will. 
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I The  pharynx  is  a cavity  into  which  open  the  nostrils,  the  Eiista-  o'"  ">e  P^a- 
chian  tubes,  the  mouth,  the  larynx,  and  the  œsophagus,  and  which 
performs  very  important  functions  in  the  productions  of  voice,  in 
respiration,  hearing,  and  digestion. 

The  pharynx  extends  from  top  to  bottom,  from  the  basilar  pro- 
! cess  of  the  occipital  bone,  to  which  it  is  attached,  to  the  level  of 
the  middle  part  of  the  neck. 

Its  transverse  dimensions  are  determined  by  the  os  hyoides,  the 
larynx,  and  the  pterygo-maxillary  aponeurosis,  to  which  it  is 
fixed.  The  mucous  membrane  which  covers  it  anteriorly  is  le- 
markable  for  the  development  of  its  veins,  which  form  a very 
apparent  plexus.  Round  this  membrane  is  the  muscular  layer, 

I the  circular  fibres  of  which  form  the  three  constrictor  muscles  of 
i the  pharynx  ; and  the  longitudinal  fibres  of  which  are  represented 
by  the  stylo-pharyngeus  and  constrictores  isthmi  Jaucium.  The 
contractions  of  these  different  muscles  are  not  generally  subject  to 
the  will. 

The  œsophagus  is  the  immediate  continuation  of  the  pharynx, 
and  is  prolonged  as  far  as  the  stomach,  where  it  terminates.  Its 
form  is  cylindrical  ; it  is  united  to  the  surrounding  parts  by  a 
slack  and  extending  cellular  tissue,  which  gives  way  to  its  dilata- 
tion and  its  motions.  To  penetrate  into  the  abdomen,  the  œso- 
phagus passes  between  the  pillars  of  the  diaphragm,  with  which  it 
is  closely  united.  The  mucous  membrane  of  the  œsophagus  is 
I white,  thin,  and  smooth  ; it  forms  longitudinal  folds,  very  proper 
j for  favouring  the  dilatation  of  the  canal.  Above  it  is  confounded 
1 with  that  of  the  pharynx.  Doctor  Rullier  has  lately  called  the 
I attention  of  anatomists  to  the  lower  part,  which  forms  many  den- 
ticulations,  terminated  by  a fringed  border,  hanging  free  in  the 
cavity  of  the  stomach  *. 

There  are  found  in  it  a great  number  of  mucous  follicles,  and 
at  its  surface  there  are  perceived  the  orifices  of  many  excretive 
canals  of  the  mucous  glands. 

The  muscular  layer  of  the  œsophagus  is  thick,  its  tissue  is 


• 111  man,  the  difference  between  tlie  raucous  membrane  of  the  oesopha- 
gus and  of  the  stomach  is  as  striking  as  that  wliich  exists  between  the  sple- 
nic and  pyloric  portions  of  the  same  membrane  in  the  horse. 


238 


Division  of 
deglutition 
into  three 
periods. 


First  period 
of  deglutition, 


COMPENDIUM  OF  PHYSIOLOGY. 

denser  than  that  of  the  pharynx  ; the  longitudinal  fibres  are  the 
most  external,  and  the  least  numerous  ; the  circular  are  placed  in 
tlie  interior,  and  aie  very  numerous. 

Round  the  pectoral  and  inferior  portion  of  the  œsophagus,  the 
two  nerves  of  the  eighth  pair  form  a plexus  which  embraces  the 
canal,  and  sends  many  filaments  into  it. 

The  contraction  of  the  œsophagus  takes  place  without  the  par- 
ticipation of  the  will  ; but  it  is  capable  of  acquiring  great  addi- 
tional energy. 

Mechanism  of  deglutition. 

To  facilitate  its  study,  we  divide  deglutition  into  three  peiiods. 
In  the  first,  the  food  passes  from  the  mouth  to  the  pharynx;  in 
the  second,  it  passes  the  opening  of  the  glottis,  that  of  the  nasal 
canals,  and  arrives  at  the  œsophagus  ; in  the  third,  it  passes  through 
this  tube,  and  enters  the  stomach 

The  most  common  case,  let  us  suppose  that  in  which  we  swal- 
low, at  several  times,  the  food  which  is  in  the  mouth,  and  ac- 
cording as  mastication  takes  place. 

As  soon  as  a certain  quantity  of  food  is  sufficiently  chewed,  it 
is  placed,  by  the  motions  of  mastication,  in  part,  upon  the  su- 
perior surface  of  the  tongue,  without  the  necessity,  as  some 
think,  of  its  being  collected  by  the  point  of  the  tongue  from  the 
different  parts  of  the  mouth.  Mastication  then  stops  ; the  tongue 
is  raised  and  applied  to  the  roof  of  the  palate  in  succession  from 
the  point  towards  the  base.  The  portion  of  food,  or  the  alimen- 
tary bolus,  placed  upon  its  superior  surface,  having  no  other  way 
to  escape  from  the  force  that  presses,  is  directed  towards  the  pha- 
rynx ; it  soon  meets  the  velum  of  the  palate  applied  to  the  base 
of  the  tongue,  and  raises  it  ; the  velum  becomes  horizontal,  so  as 
to  make  a continuation  of  the  palate.  The  tongue,  continuing  to 
press  the  food,  would  carry  it  towards  the  nasal  canals,  if  the 
velum  did  not  prevent  this  by  the  tension  that  it  receives  from  the 
external  peristaphyline  muscles  (circumfexi  palati),  and  par- 
ticularly by  the  contraction  of  its  pillars  ; it  thus  becomes  capable 


* See  my  Thesis. — Paris,  1808. 
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of  resisting  the  action  of  the  tongue,  and  of  contributing  to  the 
direction  of  the  food  towards  the  pharynx. 

The  muscles  which  determine  more  particularly  the  application 
of  the  tongue  to  the  top  of  the  palate,  and  to  the  velum  of  the 
palate,  are  the  proper  muscles  of  the  organ,  aided  by  the  mylo- 
hyoideus.  Here  the  first  period  of  deglutition  terminates.  Its 
motions  are  voluntary,  except  those  of  the  velum  of  the  palate. 

The  phenomena  occur  slowly,  and  in  succession  ; they  are  few, 
and  easily  noticed. 

The  second  period  is  not  the  same  : in  it  the  phenomena  are  Second  peiiod 
simultaneous,  multiplied,  and  are  produced  with  such  prompti- 
tude, that  Boerhaave  considered  them  as  a sort  of  convulsion. 

I'he  space  that  the  alimentary  bolus  passes  through  in  this  time 
is  very  short,  for  it  passes  only  from  the  middle  to  the  inferior 
part  of  the  pharynx  ; but  it  was  necessary  to  avoid  the  opening 
of  the  glottis,  and  that  of  the  nasal  canals,  where  its  presence 
would  be  injurious.  Besides,  its  passage  ought  to  be  sufficiently 
rapid,  in  order  that  the  communication  between  the  larynx  and 
the  external  air  may  not  be  interrupted,  except  for  an  instant. 

Let  us  see  how  nature  has  arrived  at  this  important  result. 

The  alimentary  bolus  no  sooner  touches  the  pharynx  than  every 
thing  is  in  motion.  First,  the  pharynx  contracts,  embraces,  and 
retains  the  bolus  ; the  velum  of  the  palate,  drawn  down  by  its  pil- 
lars, acts  in  the  same  way.  On  the  other  hand,  and  in  the  same 
instant,  the  base  of  the  tongue,  the  os  hyoides,  the  larynx,  are 
raised  and  carried  forward  to  meet  the  bolus,  in  order  to  render 
its  passage  more  rapid  over  the  opening  of  the  glottis.  Whilst 
the  os  hyoides  and  the  larynx  are  raised,  they  approach  each 
other,  that  is,  the  superior  edge  of  the  thyroid  cartilage  engages 
itself  behind  the  body  of  the  os  hyoides  : the  epiglottic  gland  is 
pushed  back  ; the  epiglottis  descends,  inclines  downwards  and 
backwards,  so  as  to  cover  the  entrance  of  the  larynx.  The  cri- 
coid cartilage  makes  a motion  of  rotation  upon  the  inferior  horns 
of  the  thyroid,  whence  it  results  that  the  entrance  of  the  larynx  be- 
comes oblique  downwards  and  backwards.  The  bolus  slides  along 
its  surface,  and  being  always  pressed  by  the  contraction  of  the 
pharynx  and  of  the  velum  of  the  palate,  it  arrives  at  the  oesophagus. 

It  is  not  long  since  the  position  that  the  epiglottis  takes  in  this 
case,  was  considered  as  the  only  obstacle,  opposed  to  the  entrance 
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of  the  food,  into  the  larynx,  at  the  instant  of  deglutition  ; but  I 
have  shown,  by  a series  of  experiments,  that  this  cause  ought  to 
be  considered  as  only  accessory.  In  fact,  the  epiglottis  may  be 
entirely  taken  away  from  an  animal  without  deglutition  suffering 
the  least  injury  from  it.  What  is  the  reason,  then,  that  no  part  of 
the  food  is  introduced  into  the  larynx  the  instant  that  we  swallow  ? 
The  reason  is  this.  In  the  instant  that  the  larynx  is  raised  and 
engaged  behind  the  os  hyoides,  the  glottis  shuts  with  the  greatest 
closeness  *.  This  motion  is  produced  by  the  same  muscles  that 
press  the  glottis  in  the  production  of  voice  ; so  that  if  an  animal 
has  the  recurrents  and  nerves  of  the  larynx  divided,  whilst  the 
epiglottis  is  left  untouched,  its  deglutition  is  rendered  very  difficult  ; 
because  the  principal  cause  is  removed  which  opposes  the  intro- 
duction of  food  into  the  glottis. 

Immediately  after  the  alimentary  bolus  has  passed  the  glottis, 
the  larynx  descends,  the  epiglottis  is  raised,  and  the  glottis  is 
opened  to  give  passage  to  the  air  t. 

After  what  has  been  said,  it  is  easy  to  conceive  why  the  food 
reaches  the  œsophagus  without  entering  any  of  the  openings  which 
end  in  the  pharynx.  The  velum  of  the  palate,  which  in  contract- 
ing embraces  the  pharynx,  protects  the  posterior  nostrils  and  the 
orifices  of  the  Eustachian  tubes  ; the  epiglottis,  and  particularly 
the  motion  by  which  the  glottis  shuts,  preserves  the  larynx. 

Thus  the  second  period  of  deglutition  is  accomplished,  by  the 
effects  of  which  the  alimentary  bolus  passes  the  pharynx  and  is 
engaged  in  the  superior  part  of  the  œsophagus.  All  the  pheno- 
mena which  concur  in  it  take  place  simultaneously,  and  with 
great  promptitude  : they  are  not  subject  to  the  will  ; they  are  then 
different  in  many  respects  from  the  phenomena  that  belong  to  the 
first  period. 

Third  period  The  third  period  of  deglutition  is  that  which  has  been  studied 
of  deglutition,  feast  Care,  probably  on  account  of  the  situation  of  the 


* See  my  Memoir  upon  the  Epiglottis,  read  to  the  Institute  1814*. 

-|-  I have  seen  two  cases  in  which  the  epiglottis  was  entirely  wanting,  and 
yet  deglutition  was  performed  without  difficulty.  If  in  phthisis  larynges^ 
with  the  destruction  of  the  epiglottis,  deglutition  is  laborious  and  imperfect, 
it  is  because  the  arytenoid  cartilages  are  become  carious,  the  margin  of  the 
glottis  ulcerated,  and  incapable  of  shutting  the  aperture  with  exactness. 
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œsophagus,  which  is  difficult  to  be  observed,  except  in  its  cervical 
portion. 

The  phenomena  which  are  connected  with  it  are  not  compli- 
cated. The  pharynx,  by  its  contraction,  presses  the  alimentary 
bolus  into  the  œsophagus,  with  sufficient  force  to  give  a suitable  ' 
dilatation  to  the  superior  part  of  this  organ.  Excited  by  the  pre- 
sence of  the  bolus,  its  superior  circular  fibres  very  soon  contract 
and  press  the  food  towards  the  stomach,  thereby  producing  the 
distention  of  those  more  inferior.  These  contract  in  their  turn, 
and  the  same  thing  continues  in  succession  until  the  bolus  arrives 
at  the  stomach.  In  the  upper  two-thirds  of  the  œsophagus,  the 
relaxation  of  the  circular  fibres  follows  immediately  the  contraction 
by  which  they  displaced  the  alimentary  bolus.  It  is  not  the  same 
with  the  inferior  third  ; this  remains  some  moments  contracted 
after  the  introduction  of  food  into  the  stomach. 

It  is  a mistake  to  suppose  that  the  alimentary  bolus  has  a rapid 
passage  along  the  œsophagus  ; in  my  experiments,  I have  been 
struck  with  the  slowness  of  its  progression.  Sometimes  it  is  two 
or  three  minutes  in  reaching  the  stomach  ; at  others  it  stops  at 
different  times,  and  remains  some  time  at  each  station.  In  other 
circumstances,  I have  seen  it  rise  from  the  inferior  extremity  of 
the  œsophagus  towards  the  neck,  and  descend  again  immediately. 
When  an  obstacle  prevents  its  entrance  into  the  stomach,  this  mo- 
tion is  frequently  repeated  before  the  food  is  thrown  out  again 
into  the  mouth.  Fias  it  not  happened  to  every  body  to  feel  dis- 
tinctly the  food  stop  in  the  œsophagus,  and  to  be  obliged  to  take 
drink  in  order  to  make  it  descend  ? 

When  the  alimentary  bolus  is  very  large,  its  progression  is  still 
slower  and  more  difficult.  It  is  accompanied  by  a vivid  pain, 
•occasioned  by  the  distention  of  the  nervous  filaments  which  sur- 
round the  pectoral  portion  of  the  canal.  Sometimes  the  bolus 
sticks  in  the  passage,  and  occasions  very  grave  accidents. 

Professor  Halle  observed,  in  a woman  afflicted  with  a disease 
that  permitted  the  interior  of  the  stomach  to  be  seen,  that  the 
arrival  of  a portion  of  food  in  this  viscus  was  immediately  follow- 
ed by  the  formation  of  a sort  of  stuffing  at  the  cardiac  orifice. 
This  stuffing  was  produced  by  the  displacement  of  the  mucous 
membrane  of  the  œsophagus,  which  pressed  the  contracted  circular 
fibres  of  this  canal  down  into  the  stomach. 
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All  tlie  extent  of  the  mucous  surface  tliat  the  alimentary  bolus 
passes  in  the  three  periods  of  deglutition,  is  lubricated  by  an 
abundant  mucus.  In  the  way  which  the  bolus  takes,  it  compresses 
more  or  less  the  follicles  that  it  meets  in  its  passage,  empties  tliem 
of  the  fluid  that  tiiey  contain,  and  thus  slides  more  easily  upon 
the  mucous  membrane.  We  remark,  that  in  those  places  where 
the  bolus  passes  more  rapidly,  and  is  pressed  with  greater  force, 
the  organs  for  secreting  mucus  ai’e  much  more  abundant.  For 
example,  in  the  narrow  space  where  the  second  period  of  degluti- 
tion takes  place,  there  are  found  the  tonsils,  the  fungous  papillae 
of  the  base  of  tlie  tongue,  the  follicles  of  the  velum  of  the  palate, 
and  the  uvula,  those  of  the  epiglottis,  and  the  arytenoid  glands. 
In  this  case,  the  saliva  and  mucus  fulfil  uses  analogous  to  those 
of  the  synovia. 

The  mechanism  by  whicli  we  swallow  the  succeeding  mouthfuls 
of  food  does  not  differ  from  that  which  we  have  explained. 

Nothing  is  more  easy  than  the  performance  of  deglutition,  and 
nevertheless  all  the  acts  of  which  it  is  composed  are  boyond  the 
influence  of  will,  and  of  instinct.  We  cannot  make  an  empty  mo- 
tion of  deglutition.  If  the  substance  contained  in  the  mouth  is 
not  sufficiently  chewed,  if  it  lias  not  the ’form,  the  consistence,  and 
the  dimensions  of  the  alimentary  bolus,  if  the  motions  of  mastica- 
tion which  immediately  precede  deglutition  have  not  been  made, 
we  will  frequently  find  it  impossible  to  swallow  it,  whatever  efforts 
we  make.  How  many  people  do  not  we  find  who  cannot  swallow 
a pill,  or  medicinal  bolus,  and  who  are  obliged  to  fall  upon  other 
methods  to  introduce  it  into  the  œsophagus? 

To  have  an  idea  of  the  power  of  the  will  in  deglutition,  we  may 
make  the  following  experiment  upon  ourselves. 

Endeavour  to  execute  five  or  six  times  in  succession  the  mo-i 
tions  of  deglutition,  in  which  the  saliva  contained  in  the  mouth 
may  be  swallowed  : the  first  and  second  will  be  easy  ; the  third 
will  be  more  difficult,  for  there  will  be  very  little  saliva  remaining 
to  be  swallowed  ; the  fourth  will  take  place  only  after  a certain 
time,  when  the  saliva  is  renewed  in  the  mouth  ; lastly,  the  fifth 
and  sixth  will  be  impossible,  because  there  will  be  no  more  saliva 
to  swallow.  We  may  also  call  to  mind  how  very  difficult  degluti- 
tion is  whenever  the  mouth  and  pharynx  are  dry,  or  nearly  so. 
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Of  the  abdomen. 

The  digestive  actions  which  remain  to  be  examined  take  place 
in  the  cavity  of  the  abdomen,  the  disposition  of  which  deserves  to 
be  studied  with  attention. 

The  abdomen  is  the  largest  of  the  cavities  of  the  body,  and  it  is 
more  capable  than  any  other  of  augmenting  its  dimensions.  It 
contains  a great  number  of  organs  destined  for  important  functions, 
such  as  generation,  digestion,  secretion  of  urine,  &c. 

Its  sides  are  in  a great  measure  muscular,  and  have  a very 
marked  action  upon  the  organs  it  contains. 

The  form  of  the  abdominal  cavity  is  iiTegularly  ovoid.  On  ac- 
count of  its  considerable  dimensions,  and  in  order  to  give  precision 
to  the  language,  it  is  divided  into  several  regions,  each  of  which 
has  a particular  name. 

To  comprehend  this  division,  which  is  purely  arbitrary,  we  must  Divisions  of 

, ,,  , 'i  ,1  the  abdomen. 

suppose  two  horizontal  planes,  the  one  ot  which  cuts  the  abdo- 
men at  the  level  of  the  crest  of  the  os  ilium,  and  the  other  at  the 
height  of  the  edge  of  the  Jalse  ribs.  The  part  of  the  abdomen 
placed  below  the  first  plane  is  called  the  hypogastric  region  ; that 
which  is  above  the  second  is  called  the  epigastric  region  : and 
that  contained  between  the  two  planes  is  named  the  umbilical  re- 
gion. Suppose  now  two  other  planes  which,  in  place  of  being 
horizontal  like  the  first,  are  vertical,  and  which,  beginning  at  the 
two  sides  of  the  head,  descend  towards  the  anterior  and  inferior 
spines  of  the  os  ilium,  dividing  the  abdomen  from  before  back- 
wards ; it  is  clear  that  each  of  the  abdominal  regions  will  be  di- 
vided into  three  compartments,  of  nearly  equal  dimensions,  one  of 
which  will  be  in  the  middle,  and  two  others  lateral. 

The  subdivisions  are  called  by  the  following  names  : the  middle 
part  of  the  epigastric  region  is  called  epigastrium,  and  its  lateral  Epigastric, 
parts  hypochondres  ; the  middle  part  of  the  umbilical  region  is 
called  umbilical,  and  the  lateral  divisions  lumbar  regions  j lastly, 
the  name  of  hypogastrium  is  given  to  the  middle  division  of  the  hypogastric, 
hypogastric  region,  whilst  its  sides  are  called  iliac  regions.  iliac  regions. 

By  means  of  these  arbitrary  divisions,  the  position  and  rela- 
tions of  the  respective  organs  contained  in  the  abdomen  may  be 
fixed  with  exactness  : this  result,  which  is  useful  in  physiology,  is 
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still  more  so  in  medicine.  Above,  the  abdomen  is  separated  from 
the  breast  by  the  diaphragm,  a muscle  disposed  in  form  of  a vault, 
the  contraction  of  which  has  a very  great  influence  upon  the  posi- 
tion and  the  action  of  the  muscles  contained  in  the  abdomen.  The 
circumference  of  the  diaphragm  is  attached  to  the  false  ribs  and 
the  vertebral  column.  In  its  state  of  relaxation  its  centre  rises  to 
the  level  of  the  sixth  or  seventh  true  rib  : the  result  of  this  is,  that 
the  instant  the  muscle  is  contracted  with  energy,  it  causes  a very 
considerable  diminution  of  the  abdominal  cavity,  compresses  all  the 
organs  that  it  contains,  and  distends  the  soft  parts,  that  in  other 
respects  form  its  sides. 

The  inferior  part  of  the  abdomen  is  formed  by  the  pelvis,  the 
immovable  bones  of  which  support  the  weight  of  a part  of  the  vis- 
cera, serve  as  an  insertion  to  the  muscles,  and  do  not  yield,  except 
very  rarely,  to  the  variations  of  the  capacity  of  the  abdomen.  It 
must  be  remarked  that  the  space  comprehended  between  the 
coccyx,  the  tuberosities  of  the  ischium,  and  the  arch  of  the  pubis, 
is  filled  only  with  soft  parts,  and  particularly  by  the  ischio-coccy- 
geal  muscles,  the  levator  ani,  and  the  external  sphincter. 

In  front,  and  laterally,  the  parietes  are  formed  by  the  abdomi- 
nal muscles.  These  muscles,  which,  as  we  have  already  seen,  con- 
tribute powerfully  to  the  different  motions  and  attitudes  of  the 
trunk,  have  also  an  action  in  digestion,  generation,  &c- 

Amongst  the  muscles,  those  that  are  large  and  situated  upon  the 
sides  are  intended  to  compress  the  abdomen,  and  the  viscera  con- 
tained in  it.  The  long  muscles  situated  anteriorly,  are  generally 
opposed  to  the  first.  They  resist  their  action,  and  they  are  capa- 
ble, in  certain  cases,  of  augmenting  the  dimensions  of  the  abdo- 
men, and  diminishing  the  pressure  which  the  viscera  support. 

From  the  sternal  appendix  to  the  pubis  there  exists  a fibrous 
cord,  by  the  crossing  of  the  aponeurosis  of  the  abdominal  muscles  : 
it  is  the  linea  alba  of  anatomists  : its  uses  will  be  explained  else- 
where. The  muscles  that  enter  into  the  composition  of  the  sides 
of  the  abdomen  are  generally  directed  by  the  will  ; but  there  are 
also  other  circumstances  in  which  they  enter  instinctively  into  con- 
traction, and  then  they  have  an  energy  superior  to  that  which  they 
exhibit  in  ordinary  cases. 
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Action  of  the  stomach  upon  aliments. 

Hitherto  we  have  seen  only  the  physical  actions  of  the  digestive 
organs  upon  food  ; chemical  alterations  will  now  present  them- 
selves to  our  examination.  In  the  stomach  the  food  is  transformed 
into  a matter  proper  to  animals,  which  is  named  chyme  ; but,  be- 
fore treating  of  the  phenomena  that  its  formation  presents,  we  shall 
say  a few  words  of  the  stomach  itself. 

Of  the  stomach. 

The  stomach  is  intermediate  to  the  œsophagus  and  the  duode- ofthesto- 
num  ; it  occupies  in  the  abdomen  the  epigastrium,  and  a part 
the  left  hypochondrium  ; its  form,  though  variable,  is  generally  that 
of  a conoid,  bent  upon  itself. 

The  left  half  of  the  stomach  has  always  larger  dimensions  than 
the  right  ; and  as  these  halves  act  a different  part  in  the  formation 
of  chyme,  I think  it  useful  to  call  the  one  the  splenic  part,  be- 
cause it  rests  upon  the  spleen,  and  the  other  part  pyloric,  because 
it  corresponds  to  the  pylorus.  These  parts  are  most  generally 
separated  from  each  other  by  a particular  contraction. 

The  stomach  being  intended  for  the  accumulation  of  food  in 
its  cavity,  it  is  evident  that  its  dimensions,  its  situation  in  the  ab- 
domen, and  its  relations  with  the  neighbouring  organs,  ought  to 
suffer  gieat  variations. 

This  organ  has  two  orifices  ; the  one  corresponds  to  the  œso- orifices  of  the 
phagus  ; it  is  the  cardiac  or  œsophagean  orifice  : the  other  com- 
municates with  the  small  intestine  ; it  is  called  the  intestinal  orifice, 
or  pylorus. 

The  three  membranes  or  tunics  that  compose  the  stomach,  pre-  structure  of 
sent  the  most  favourable  disposition  for  the  variations  of  volume 
necessary  to  that  organ. 

The  most  external,  or  peritoneal,  is  formed  of  two  plates  which  ad- 
here very  slightly  to  the  viscera;  itis  continued,  without  uniting,  along 
their  sides,  where  these  plates  form  the  omenta,  the  extent  of  which 
is  consequently  in  an  inverse  ratio  to  the  volume  of  the  stomach. 

The  mucous  membrane  of  the  stomach  is  of  a whitish  red,  and 
marbled  ; it  presents  a great  number  of  irregular  folds,  situated 
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along  ihe  inferior  and  superior  borders  of  the  organ  ; they  are  also 
seen  at  its  splenic  extremity  : they  are  more  numerous  and  marked, 
in  proportion  as  the  stomach  is  more  jnessed  together.  No  part 
of  the  mucous  digestive  membrane  presents  villosities  so  abundant 
and  fine  as  that  of  the  stomach.  It  is  commonly  covered  with  a 
mucous  matter  adhering  to  its  surface,  particularly  in  the  splenic 
extremity.  It  contains  many  follicles,  but  it  is  necessary  to  re- 
mark that  they  are  most  abundant  in  the  pyloric  portion  ; there  are 
a certain  number  seen  near  the  cardiac  orifice  ; they  are  very  rare 
in  the  rest  of  the  membrane. 

Pyloric  valve.  At  the  pylorus,  the  mucous  membrane  forms  a circular  fold, 
called  the  pyloric  valve.  A fibrous  dense  tissue  is  found  between 
its  plates,  called  by  some  authors  the  pyloric  muscle. 

The  muscular  layer  of  the  stomach  is  very  thin.  Its  circular 
and  longitudinal  fibres  are  separated  from  one  another,  particularly 
in  the  splenic  part.  This  separation  augments  or  diminishes  with 
the  volume  of  the  stomach. 

Vessels  and  Few  of  the  Organs  receive  so  much  blood  as  the  stomach  ; four 
stomach.  * arteries,  three  of  which  are  very  considerable,  are  destined  exclu- 
sively to  it. 

Its  nerves  are  not  less  numerous  ; they  are  composed  of  the 
eighth  pair,  and  a great  many  filaments  proceeding  from  the  solar 
plexus  of  the  great  sympathetic. 

Accumulation  of  food  in  the  stomach. 

Accumulation  Before  shewing  the  changes  that  the  food  undergoes  in  the  sto- 
offoedinthe  ...  , , , C- 

stomach.  macli,  it  IS  necessaiy  to  know  the  plienomena  or  its  accumula- 
tion in  this  viscus,  as  well  as  the  local  and  general  effects  that  re- 
sult from  it. 

The  first  mouthfuls  of  food  swallowed  are  easily  lodged  in  the 
stomach.  This  organ  is  not  much  compressed  by  the  surround- 
ing viscera  ; its  sides  separate  easily,  and  give  way  to  the  force 
which  presses  the  alimentary  bolus  ; but  its  distention  becomes 
more  difficult  in  proportion  as  new  food  arrives,  for  this  is  accom- 
panied by  the  pressing  together  of  the  abdominal  viscera,  and  the 
extension  of  the  sides  of  the  abdomen.  This  accumulation  takes 
place  particularly  towards  the  right  extremity  and  the  middle  part: 
the  pyloric  half  gives  way  with  more  difficulty. 


COMPENDIUM  OF  PHYSIOLOGY. 


2Vl 


Whilst  the  stomach  is  distended,  its  form,  its  relations,  and 
even  its  positions  undergo  alterations  : in  place  of  being  flattened 
on  its  aspects,  of  occupying  only  the  epigastrium  and  a part  of  the 
left  hypochondrium,  it  assumes  a round  form  ; its  great  blind  sac 
is  thrust  into  that  hypochondrium,  and  fills  it  almost  completely  ; 
the  greater  curvature  descends  towards  the  umbilicus,  particularly 
on  the  left  side  ; the  pylorus  alone,  fixed  by  a fold  of  the  perito- 
neum, preserves  its  motion  and  its  relations  with  the  suirounding 
parts.  On  account  of  the  resistance  which  the  vertebral  column 
presents  behind,  the  posterior  surface  of  the  stomach  cannot  dis- 
tend itself  on  that  side  : for  that  reason  this  viscus  is  wholly  car- 
ried forward;  and  as  the  pylorus  and  the  œsophagus  cannot  be 
displaced  in  this  direction,  it  makes  a motion  of  rotation,  by  which 
its  great  curve  is  directed  a little  forward  ; its  posterior  aspect  in- 
clines downwards,  and  its  superior  upwards. 

Though  it  undergoes  these  changes  of  position  and  relation,  it 
nevertheless  preserves  the  recurved  conoid  form  which  is  proper  to 
it.  This  effect  depends  on  the  manner  in  which  the  three  tunics 
contribute  to  its  dilatation.  Tlie  two  plates  of  the  serous  mem- 
brane separate  and  give  place  to  the  stomach.  The  muscular  layer 
suffers  a real  distention  ; its  fibres  are  prolonged,  but  so  as  to  pre- 
serve the  peculiar  form  of  the  stomach.  Lastly,  the  mucous 
membrane  gives  way,  particularly  in  the  points  where  the  folds 
are  numerous.  It  will  be  noticed  that  these  are  found  particu- 
larly along  the  larger  curve,  as  well  as  at  the  splenic  extremity. 

The  dilatation  of  the  stomach  alone  produces  very  important 
changes  in  the  abdomen-  The  total  volume  of  this  cavity  aug- 
ments; the  belly  juts  out  ; the  abdominal  viscera  are  compressed 
with  greater  force  ; often  the  necessity  of  passing  urine,  or  feces, 
is  felt.  The  diaphragm  is  pressed  towards  the  breast,  it  descends 
with  some  difficulty  ; thence  the  motions  of  respiration,  and  the 
phenomena  which  depend  on  it,  are  more  incommoded,  such  as 
speech,  singing,  &c. 

In  certain  cases,  the  dilatation  of  the  stomach  may  be  carried 
so  far  that  the  sides  of  the  abdomen  are  painfully  distended,  and 
respiration  becomes  difficult. 

To  produce  such  effects,  the  contraction  of  the  oesophagus, 
which  presses  the  food  in  the  stomach,  must  be  very  energetic. 
We  have  remarked  above  the  considerable  thickness  of  the  raus- 
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cular  layer  of  this  canal,  and  tlie  gieat  number  of  nerves  which 
go  to  it  ; nothing  less  than  this  disposition  is  necessary  to  account 
for  the  force  with  which  the  food  distends  the  stomach.  For  more 
certainty,  the  finger  has  only  to  be  introduced  into  the  œsophagus 
of  an  animal  by  the  cardiac  orifice,  and  the  force  of  the  contraction 
would  be  found  striking. 

But  if  the  food  exerts  so  marked  an  influence  upon  the  sides  of 
the  stomach  and  abdomen,  they  ought  themselves  to  sufier  a 
proportionate  reaction,  and  tend  to  escape  by  the  two  openings  of 
the  stomach.  \V  hy  does  this  effect  not  take  place  ? It  is  gene- 
rally said  that  the  cardia  and  pylorus  become  sliut  ; but  I do  not 
find  that  this  phenomenon  has  been  submitted  to  any  particular 
researches.  Here  is  what  my  own  experiments  have  produced  in 
this  respect. 

Cause  which  The  alternate  motion  of  the  œsophagus  prevents  the  return  of 
foo'i  from^'he-  the  food  into  this  cavity.  The  more  the  stomach  is  distended, 
back^nïo  the  Contraction  becomes  the  more  intense  and  prolonged,  and  re- 
cesophagiis.  j^^ation  of  shorter  duration.  Its  contraction  generally  coincides 
with  the  instant  of  inspiration,  when  the  stomach  is  most  forcibly 
compressed.  Its  relaxation  ordinarily  happens  at  the  instant  of 
expiration. 

We  may  have  an  idea  of  this  mechanism  by  laying  bare  the 
stomach  of  a dog,  and  endeavouring  to  make  the  food  pass  into 
the  œsophagus  by  compressing  the  stomach  with  both  hands.  It 
will  be  nearly  impossible  to  succeed,  whatever  force  is  used,  if  it 
is  done  at  the  instant  when  the  œsophagus  is  contracted  : but  the 
passage  will  take  place,  in  a certain  degree  of  itself,  if  the  stomach 
is  compressed  at  the  instant  of  relaxation. 

Cause  why  Fhe  resistance  that  the  pylorus  presents  to  the  passage  of  the 
nntpaÿthe'^*  ailments  is  of  another  kind.  In  living  animals,  whether  the  sto- 
pyiorus.  mach  is  empty  or  full,  this  opening  is  habitually  shut,  by  the  con- 
striction of  its  fibrous  ring,  and  the  contraction  of  its  circular  fibres. 
There  is  frequently  seen  another  constriction  in  the  stomach,  at 
the  distance  of  one  or  two  inches,  which  appears  intended  to  pre- 
vent the  food  from  reaching  the  pylorus;  we  perceive,  also,  irre- 
gular and  peristaltic  contractions,  which  commence  at  the  duode- 
num, and  are  continued  into  the  pyloric  portion  of  the  stomach, 
the  effect  of  which  is  to  press  the  food  towards  the  splenic  part. 
Besides,  should  tlie  pylorus  not  be  naturally  shut,  the  food  would 
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have  little  tendency  to  enter  it,  for  it  only  endeavours  to  escape 
into  a place  where  the  pressure  is  less  ; and  this  would  be  equally 
great  in  the  small  intestine  as  in  the  stomach,  since  it  is  distributed 
almost  equally  over  all  the  abdominal  cavity. 

Amongst  the  number  of  phenomena  produced  by  the  food  in  the  other  pheno- 

° ‘ ^ mena  regard- 

stomach,  there  are  several  whose  existence,  though  generally  ad-  e<i  as  produc- 

’ ’ ® *=  ■'  . ed  by  the  dis- 

mitted,  does  not  appear  sufficiently  demonstrated  : such  is  the  di-  tention  of  the 

* ‘ Stomach» 

minution  of  the  volume  of  the  spleen,  and  of  the  bloodvessels  of 
the  liver,  of  the  omenta,  &c.  ; such  is  also  a motion  of  the  stomach, 
called  by  authors  peristole,  which  presides  over  the  reception  of 
the  food,  and  distributes  it  equally,  by  exerting  upon  it  a gentle 
pressure,  so  that  its  dilatation,  far  from  being  a passive  phenome- 
non, must  be  essentially  active.  I have  frequently  opened  animals 
whose  stomachs  were  filled  with  food,  I have  examined  the  bodies 
of  executed  persons  a short  time  after  death,  and  I have  seen  no- 
thing favourable  to  these  assertions. 

The  accumulation  of  food  in  the  stomach  is  accompanied  by  internal  sen- 

. ''  sations  which 

many  sensations,  ot  which  it  is  necessary  to  take  account  : — at  accompany 

- iici"  11  c accumu- 

first,  it  is  an  agreeable  teehng,  or  the  pleasure  or  a want  satisfied,  lation  of  food 

TT  • 111  1 1 1 1 ‘•'e 

Hunger  is  appeased  by  degrees  ; the  general  weakness  that  ac-  mach 
companied  it  is  replaced  by  an  active  state,  and  a feeling  of  new 
force.  If  the  introduction  of  food  is  continued,  we  experience  a 
sensation  of  fulness  and  satiety,  which  indicates  that  the  stomach 
is  sufficiently  replenished  ; and  if,  contrary  to  this  instinctive  in- 
formation, we  still  persist  to  make  use  of  food,  disgust  and  nausea 
quickly  arrive,  and  they  are  very  soon  followed  by  vomiting. 

These  different  impressions  must  not  be  attributed  to  the  volume 
of  the  aliments  alone.  Every  thing  being  equal  in  other  respects, 
food  very  nutritive  occasions  more  promptly  the  feeling  of  satiety. 

A substance  which  is  not  very  nourishing  does  not  easily  calm 
hunger,  though  it  is  taken  in  great  quantity. 

The  mucous  membrane  of  the  stomach,  then,  is  endowed  with 
considerable  sensibility,  since  it  distinguishes  the  nature  of  sub- 
stances which  come  in  contact  with  it.  This  property  is  very 
strongly  marked  if  an  irritating  poisonous  substance  is  swallowed  : 
intolerable  pain  is  then  felt.  We  also  know  that  the  stomach  is 
sensible  to  the  temperature  of  food. 

We  cannot  doubt  that  the  presence  of  aliments  in  the  sto- 
mach causes  great  excitement,  from  the  redness  of  the  mucous 
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membrane,  from  tlie  quantity  of  fluid  it  secretes,  and  tbe  volume 
of  the  vessels  directed  there  ; but  this  is  favourable  to  chymifica- 
tion. This  excitement  of  the  stomach  influences  the  general  state 
of  the  functions,  as  we  shall  notice  farther  on. 

The  time  that  the  aliments  remain  in  the  stomach  is  consider- 
able, generally  several  hours  ; it  is  during  this  stay  that  they  are 
transformed  into  chyme. 

We  shall  study  the  phenomena  cf  this  transformation,  upon 
which  we  have  only  very  incomplete  data. 

Changes  of  the  aliments  in  the  stomach. 

It  is  more  than  an  hour  before  food  suffers  any  apparent  change 
in  the  stomach  more  than  what  results  from  the  perspiratory  and 
mucous  fluids  with  which  it  is  mixed,  and  which  are  continually 
renewed. 

The  stomach  is  uniformly  distended  during  this  time  ; but  the 
whole  extent  of  the  'pyloric  portion  afterwards  contracts,  particu- 
larly that  nea-rest  the  splenic  portion,  into  which  the  food  is  press- 
ed. Afterwards  there  is  nothing  found  in  the  pyloric  portion  but 
chyme,  mixed  with  a small  quantity  of  unchanged  food, 
ofchyire.  But  what  is  understood  by  chyme?  The  best  authors  have 
agreed  to  consider  it  as  a homogeneous  substance,  pultaceous, 
greyish,  of  a sweetish  taste,  insipid,  slightly  acid,  and  preserving 
some  of  the  properties  of  food.  This  description  leaves  much  to 
be  explained.  In  fact,  when  has  the  chyme  been  seen  with 
these  characters  ? What  sort  of  food  was  made  use  of  ? There 
is  no  mention  made  of  this,  and  nevertheless  it  is  a very  important 
consideration. 

I thought  that  new  experiments  on  this  subject  might  be  use- 
ful ; I cannot  consider  here  all  the  details  of  those  I have  made,  but 
I shall  notice  their  most  important  results. 

Experiments  A.  There  are  as  many  sorts  of  chyme  as  there  are  different  sorts 
mation  of  of  food,  if  we  judge  by  the  colour,  consistence,  appearance,  &c.  ; 
chyme.  easily  ascertain,  by  giving  different  simple  alimentary 

substances  to  dogs  to  eat,  and  killing  them  during  the  operation  of 
digestion.  I have  frequently  found  the  same  result  in  man,  in  the 
dead  bodies  of  criminals,  or  persons  dead  by  accident. 
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B.  Animal  substances  are  generally  more  easily  and  completely 
changed  than  vegetable  substances.  It  frequently  happens  that 
these  last  traverse  the  whole  intestinal  canal  without  changing  their 
apparent  properties.  I have  frequently  seen  in  the  rectum,  and  in 
the  small  intestine,  the  vegetables  which  are  used  in  soup,  spinage, 
soiTel,  &c.,  which  had  preserved  the  most  part  of  their  properties  : 
their  colour  alone  appeared  sensibly  changed  by  the  contact  of 
bile. 

Chyme  is  formed  particularly  in  the  pyloric  portion.  The  ali- 
ments appear  to  be  introduced  slowly  into  it,  and  during  the  time 
they  remain  they  undergo  transformation.  I believe,  however,  that 
I have  observed  frequently  chymous  matter  at  the  surface  of 
the  mass  of  aliments  which  fill  the  splenic  portion  ; but  the 
aliments  in  general  preserve  their  properties  in  this  part  of  the 
stomach. 

It  would  be  difficult  to  tell  why  the  pyloric  portion  is  better  Experiments 

Pi  upon  the  for- 

adapted  to  tlie  formation  of  chyme  than  the  rest  of  the  stomach  ;mationof 
perhaps  the  great  number  of  follicles  that  are  seen  in  it  mo- 
dify the  quantity  or  nature  of  the  fluid  that  is  there  secreted. 

The  transformation  of  alimentary  substances  into  chyme  takes 
place  generally  from  the  superficies  to  the  centre.  At  the  surface 
of  portions  of  food  swallowed,  there  is  formed  a soft  layer  easily  to 
be  detached.  The  substances  seem  to  be  attacked  and  corroded 
by  a re-agent  capable  of  dissolving  them.  The  white  of  a hard 
egg,  for  instance,  becomes  in  a little  time  as  if  plunged  in  vinegar, 
or  in  a solution  of  potass-  If  the  alimentary  substance  is  en- 
veloped in  a stratum,  scarcely  or  not  at  all  digestible,  we  see  the 
solution  take  place  in  the  cavity  within,  whilst  the  shell  or  exter- 
nal layer  remains  untouched. 

C.  Whatever  is  the  alimentary  substance  employed,  chyme  has 
always  a sharp  odour  and  taste,  and  reddens  paper  coloured  with 
turnsol. 

D.  There  is  only  a small  quantity  of  gas  found  in  the  stomach  Gas  contained 
during  the  formation  of  chyme  ; sometimes  none  exists.  Gene-  during  the  for- 
rally  it  forms  a small  bubble  at  the  superior  part  of  the  splenic  S)'me. 
portion.  Once  only  in  the  body  of  a criminal  a short  time  after 

death,  I gathered  with  proper  precautions  a quantity  sufficient  to 
be  analyzed.  M.  Chevreul  found  it  composed  of, 
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Oxygen, 

1100 

Carbonic  acid, 

U0Ü 

Pure  hydrogen, 

Azote, 

71-45 

Total, lOO'OO 

1'heie  is  rarely  any  gas  found  in  the  stomach  of  a dog.  We 
cannot  then  believe,  with  Professor  Chaussier,  that  we  swallow  a 
bubble  of  air  at  every  motion  of  deglutition,  which  is  pressed  into 
the  stomach  by  the  alimentary  bolus.  Were  it  so,  there  ought  to 
be  found  a considerable  quantity  of  air  in  this  organ  after  a meal  : 
now  the  contrary  is  distinctly  visible. 

E.  There  is  never  a great  quantity  of  chyme  accumulated  in  the 
pyloric  portion  ; the  most  that  I have  seen  in  it  was  scarcely  equal 
in  volume  to  two  or  three  ounces  of  water.  The  contraction  of 
the  stomach  appears  to  have  an  influence  upon  the  production  of 
chyme.  The  following  is  what  I have  observed  in  this  respect. 
Motionsofthe  After  having  been  some  time  immovable,  the  extremity  of  the 

Stomach  dur-  ° i i i • • ^ 

ing  the  forma- duodenum  contiacts,  the  pylorus  and  the  pyloric  portion  contract 
tion  of  chyme.  ^ ^ 

also  ; this  motion  presses  the  chyme  towards  the  splenic  por- 

tion  ; but  it  afterwards  presses  it  in  a contrary  direction,  that  is, 
after  being  distended,  and  having  permitted  the  chyme  to  enter 
again  into  its  cavity,  the  pyloric  portion  contracts  from  left  to 
right,  and  directs  the  chyme  towards  the  duodenum,  which  im- 
mediately passes  the  pylorus  and  enters  the  intestines. 

The  same  phenomenon  is  repeated  a certain  number  of  times, 
but  it  stops  to  begin  again,  after  a certain  time.  When  the  sto- 
mach contains  much  food,  this  motion  is  limited  to  the  parts  of  the 
organ  nearest  the  pylorus  ; but  in  proportion  as  it  becomes  empty, 
the  motion  extends  farther,  and  is  seen  even  in  the  splenic  portion, 
when  the  stomach  is  almost  entirely  empty.  It  generally  becomes 
more  strong  about  the  end  of  chymification.  Some  persons  have 
a distinct  feeling  of  it  at  this  moment. 

Uses  nf  the  The  pylorus  has  been  made  to  play  a very  important  part  in  the 
lyionu.  passage  of  the  chyme  from  the  stomach  to  the  intestine.  It 
judges,  they  say,  of  the  chymification  of  the  food  ; it  opens  to 
those  kinds  that  have  the  required  qualities,  and  shuts  against  those 
that  have  not.  However,  as  we  daily  observe  substances  not  diges- 
tible traverse  it  easily,  such  as  stones  of  cherries,  it  is  added,  that 
becoming  accustomed  to  a substance  not  chymified,  which  pre- 
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sents  itself  repeatedly,  it  at  last  opens  a passage.  These  considera- 
tions, consecrated  in  a certain  degree  by  the  word  'pylorus,  a jjor- 
ter,  may  please  the  fancy,  but  they  are  purely  hypothetical 

F.  All  the  alimentary  substances  are  not  transformed  into  chyme 
with  the  same  promptitude. 

In  general,  fatty  matters,  tendons,  cartilages,  concrete  albumen,  Expcrhnems 

° ^ r 1 upon  the  for- 

mucilagmous  and  sweet  vegetables,  resist  more  the  action  ot  the  mation  of 
1 , • 1 ■ o chyme, 

stomach  than  caseous,  fibrinous,  glutinous  substances.  iSome  sub- 
stances appear  refractory  ; such  as  bones,  the  epidermis  of  fruits, 
their  stones,  and  whole  seeds,  &c.  Yet  there  are  well  established 
facts,  which  prove  that  the  stomach  of  man  dissolves  hone. 

G.  In  determining  the  digestibility  of  food,  the  volume  of  the 
portions  swallowed  ought  to  be  taken  into  account.  I have  often 
observed  that  the  largest  pieces,  of  whatever  nature,  remained 
longest  in  the  stomach  ; on  the  contrary,  a substance  which  is  not 
digestible,  if  it  is  very  small,  such  as  grape-stones,  does  not  rest 
in  the  stomach,  but  passes  quickly  with  the  chyme  into  the  intes- 
tine. 

With  respect  to  facility  and  quickness  of  the  formation  of 
chyme,  it  is  different  in  every  different  individual. 

Sir  Astley  Cooper  has  made  various  experiments  upon  the  diges-  Remarks 
tibility  of  several  substances.  He  gave  to  dogs  a determinate  quan-  mation  of 
tity  of  pork,  mutton,  veal,  and  beef,  preserving  a register  of  the  figure 
of  the  pieces  swallowed,  and  of  the  order  of  their  introduction  into  the 
stomach.  Opening  the  animals  at  the  end  of  a certain  period,  and 


* The  pylorus  enjoys  so  few  of  the  imaginary  attributes  with  which  it  has 
been  clothed,  that  in  certain  animals  the  intestinal  extremity  of  the  stomach 
is  never  shut.  This  is  the  case  with  the  horse  ; his  pylorus  is  always  widely 
open,  and  therefore  the  aliments  rest  but  a short  while  in  that  viscus,  and  be- 
come only  slightly  changed  in  it.  The  true  pylorus  of  the  horse  is  at  the 
cardiac  orifice  of  the  stomach  ; its  use  appears  to  be  to  oppose  itself  to  the 
return  of  aliments  and  drink  into  the  œsophagus.  If  we  pay  no  attention 
to  the  free  communication  of  the  stomach  with  the  intestines,  we  shall  never 
comprehend  how  the  stomach  of  the  horse,  which  in  its  greatest  extension 
can  contain  scarcely  25  pints  of  water,  may  nevertheless  receive,  in  a very 
short  time,  voluminous  masses  of  hay  and  liquid;  a bottle  of  hay,  and  50 
pints  of  water,  for  instance.  The  phenomenon  of  digestion,  in  the  horse, 
appears  to  take  place  at  the  same  time  in  the  whole  intestinal  canal,  and 
even  in  the  large  intestine.  This  last  circumstance  merits  particular  atten- 
tion, and  a special  investigation. 
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collecting  with  cnre  what  remained  in  the  stomach,  he  ascertained 
that  pork  was  the  substance  most  rapidly  digested,  then  fol- 
lowed mutton,  tlien  veal,  and  lastly  beef,  which  seemed  to  him  the 
least  digestible  of  all.  In  some  cases  the  pork  and  mutton  had  en- 
tirely disappeared,  when  the  beef  remained  still  untouched. 
sirA.Cooper’3  He  fouiid  by  other  experiments,  that  fish  and  cheese  are  also 

experiments.  ^ digestible  substauces.  Potato  is  a degree  less  so  : the  skin 

wliich  covers  it  passes  into  the  duodenum  without  change.  He 
also  tried  some  experiments  with  the  same  substance,  prepared  in 
different  ways,  and  he  found  that  boiled  veal  is  two-thirds  more 
digestible  than  the  same  substance  roasted.  Divers  other  sub- 
stances were  also  submitted  to  the  same  experiments,  and  he  found 
that  muscular  flesh  was  sooner  digested  than  skin,  skin  a little 
sooner  than  cartilage,  cartilage  sooner  than  tendon,  tendon  than 
bone.  With  respect  to  the  last,  he  found  that  the  scapula  was 
the  most  digestible;  100  parts  of  that  bone  were  digested  in  six 
hours,  while  only  30  parts  of  the  os  femoris  were  consumed  in  the 
same  space  of  time. — Scudamore  on  Gout,  p.  509,  2d  ed. 

It  is  evident,  after  what  has  been  said,  that  to  fix  the  necessary 
time  for  the  chymification  of  all  the  nutritive  substances  contained 
in  the  stomach,  we  ought  to  take  into  account  their  quantity,  their 
cliemical  nature,  the  manner  in  which  mastication  acts  upon  them, 
and  the  individual  disposition.  However,  in  four  or  five  hours 
after  an  ordinary  meal,  the  transformation  of  the  whole  food  into 
chyme  is  generally  effected. 

The  nature  of  the  chemical  changes  that  food  undergoes  in 
the  stomach  is  unknown.  It  is  not  because  there  have  been  no 
attempts  at  different  periods  to  give  explanations  of  them  more  or 
Systems  of  l^ss  plausible.  The  ancient  philosophers  said  that  food  be- 

digestion.  puti'ified  in  the  stomach  ; Hippocrates  attributed  the  diges- 

tive process  to  coction  ; Galen  assigned  to  the  stomach,  attractive, 
retentive,  coucoctive,  expulsive  faculties,  and  by  their  help  he  at- 
tempted to  explain  digestion.  The  doctrine  of  Galen  reigned  in 
the  schools  until  the  middle  of  the  seventeenth  century,  when  it 
was  attacked  and  overturned  by  the  fermenting  chemists,  who 
established  iu  the  stomach  an  effervescence,  a particular  fermenta- 
tion, by  means  of  which  the  food  was  macerated,  dissolved,  pre- 
cipitated, Sfc. 

This  system  was  not  long  in  repute  ; it  was  replaced  by  ideas 
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mudi  less  reasonable.  Digestion  was  supposed  to  be  only  a tri- 
turation, a bruising  performed  by  the  stomach  ; an  innumerable 
quantity  of  little  worms  was  supposed  to  attack  and  divide  the 
food.  Boerhaave  thought  he  had  found  the  truth  by  combining 
the  different  opinions  that  had  reigned  before  him.  Flallerdid  not 
follow  the  ideas  of  his  master;  he  considered  digestion  to  be  a simple 
maceration.  He  knew  that  vegetable  and  animal  matters  plunged 
into  water  are  soon  covered  with  a soft  homogeneous  layer  ; he 
believed  that  the  food  underwent  a like  change,  by  macerating  in 
the  saliva  and  fluids  secreted  by  the  stomach. 

If  these  different  systems  are  treated  with  the  severe  logic  which 
ought  henceforward  to  reign  in  physiology,  we  can  see  nothing  in 
them  but  the  necessity  of  our  satisfying  the  imagination,  and 
forming  theories,  however  illusory,  of  things  of  which  we  are 
ignorant.  In  fact,  was  it  a great  advance  to  say  that  digestion 
was  a coction,  a fermentation,  a maceration,  &c.  ? No  ; for  there 
was  no  precise  sense  attached  to  these  words. 

Reaumur  and  Spallanzani  did  not  follow  this  plan.  They  made  Experiments 
experiments  on  animals,  and  demonstrated  the  falsity  of  the  an-  and  spaiian- 
cient-  systems  ; they  showed  that  food,  contained  in  hollow  metal-  fomation  o/ 

, • . . c)iyni6« 

lie  balls  pierced  with  holes,  w'as  digested  the  same  as  if  it  was  free 
in  the  cavity  of  the  stomach.  They  proved  that  the  stomach  con- 
tains a particular  fluid,  which  they  call  gastric  juice,  and  that  this 
fluid  was  the  principal  agent  of  digestion  ; but  they  much  exagge- 
rated its  properties,  and  they  were  mistaken  when  they  thought  to 
have  explained  digestion  by  considering  it  as  a solution  ; because 
by  not  explaining  this  solution,  they  did  not  account  for  the  changes 
of  food  in  the  stomach. 

Instead  of  stopping  to  explain  or  refute  these  various  hypothe-  Reflections 
ses,  which  are  found  in  all  the  different  works  on  this  subject,  ma°?on  of 
we  shall  make  the  following  reflections  upon  the  formation 
chyme. 

In  the  formation  of  chyme,  it  is  necessary  to  consider,  1st,  the 
circumstances  in  which  the  food  is  found  in  the  stomach  ; 2d, 
the  chemical  nature  of  it. 

The  circumstances  affecting  the  food  in  the  stomach  during  its 
stay  there  are  not  numerous  : 1st,  it  suffers  a pressure  more  or 
less  strong,  either  from  the  sides  of  the  abdomen,  or  from  those  of 
the  stomach  ; 2d,  the  whole  is  entirely  moved  by  the  motions  of 
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respiration  ; 3d,  it  is  exposed  to  a temperature  of  100  to  104  de- 
grees of  Falirenheit  ; 4th,  it  is  exposed  to  the  action  of  the  saliva, 
and  of  the  mucus  proceeding  from  the  mouth  and  œsophagus,  as 
well  as  the  fluid  secreted  by  the  mucous  membrane  of  the  sto- 
mach. 

It  will  be  remembered  tliat  this  fluid  is  slightly  viscous,  that  it 
contains  much  water,  mucus,  salts,  with  a base  of  soda  and  ammo- 
nia, and  a portion  of  the  lactic  acid  of  M.  Berzelius. 

With  regard  to  the  nature  of  food,  we  have  already  seen  how 
variable  it  is,  since  all  the  immediate  principles,  animal  or  ve- 
getable, may  be  carried  into  the  stomach  in  different  forms  and 
proportions,  and  serve  usefully  in  the  formation  of  chyme. 

Now,  making  allowance  for  the  nature  of  the  food,  and  the  cir- 
cumstances in  which  it  is  placed  in  the  stomach,  shall  we  be  able 
to  account  for  the  known  phenomena  of  the  formation  of  chyme  ? 
The  temperature  of  100  or  104  degrees  of  Fahrenheit,  the 
pressure  and  agitation  that  the  food  sustains,  cannot  be  consider- 
ed as  the  principal  cause  of  its  transformation  into  chyme  ; it 
is  probable  that  they  only  co-operate  in  this  ; the  action  of  the 
saliva  and  that  of  the  fluid,  secreted  in  the  stomach  remain  ; but 
according  to  the  known  composition  of  saliva,  it  is  hardly  possible 
that  it  can  attack,  and  change  the  nature  of,  the  food  ; at  most, 
^ it  can  only  serve  to  divide,  or  imbibe  it  in  such  a manner  as  to 
separate  its  particles  * : It  must  then  be  the  action  of  the  fluid 
formed  by  the  internal  membrane  of  the  stomach.  It  appears 
certain  that  this  fluid,  in  acting  chemically  upon  the  alimentary 
substances,  dissolves  them  from  the  surface  towards  the  centre. 

Artificial  di-  To  produce  a palpable  proof  of  this  with  the  fluid  of  which  we 

speak,  there  have  been  attempts  made  to  produce  what  is  called 
in  physiology,  since  Reaumur  and  Spallanzani,  artijicial  diges- 
tions, that  is,  after  having  macerated  food,  it  is  mixed  with  gas- 
tric juice,  and  then  exposed  in  a tube,  or  any  other  vessel,  to  a 
temperature  equal  to  that  of  the  stomach.  Spallanzani  advanced 


• M.  Krimer  held  in  his  mouth,  a portion  of  about  a dram  in  weight,  for 
three  hours.  After  this  period  the  morsel  became  white  upon  the  surface, 
and  had  augmented  in  weight  12  grains.  The  same  physiologist  is  of  opi- 
nion that  the  teats  contribute  to  digestion,  and  flow,  by  the  posterior  cavity 
of  the  mouth,  down  as  far  as  the  stomach— FcrsucA  einer  Physiologie  des 
Blutes,  Leipsic,  1823. 
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tliat  these  digestions  succeeded,  and  that  the  food  was  reduced  to 
chyme  ; but,  according  to  the  researches  of  M.  de  Montegre,  it 
appears  tliat  they  are  not  ; and  that,  on  tlie  contrary,  the  sub- 
stances employed  undergo  no  alteration  analogous  to  chymifica- 
tion : this  is  agreeable  to  experiments  made  by  Reaumur.  But 
because  the  gastric  juice  does  not  dissolve  food  when  put  with  it 
into  a tube,  we  ought  not  to  conclude,  like  some  persons,  that  the 
same  fluid  cannot  dissolve  tlie  food  when  it  is  introduced  into  the 
stomach  : the  circumstances  are  indeed  far  from  being  the  same  : 
in  the  stomach,  the  temperature  is  constant,  the  food  is  pressed 
and  agitated,  and  the  saliva  and  gastric  juice  are  constantly  re- 
newed ; as  soon  as  the  chyme  is  formed,  it  is  carried  away  and 
pressed  into  the  duodenum.  Nothing  of  this  takes  place  in  the 
tube  or  vase  which  contains  the  food  mixed  with  gastric  juice  ; 
therefore,  the  want  of  success  in  artificial  digestions  proves  no- 
thing which  tends  to  explain  the  formation  of  chyme,  by  the  sol- 
vent action  of  the  gastric  juice. 

But  how  does  it  happen  that  the  same  fluid  can  act  in  a similar  Reflectionson 

c r the  formation 

manner  upon  the  great  variety  of  alimentary  substances,  animal 
and  vegetable  ? The  state  of  organic  chemistry  does  not  permit  us 
to  answer  this  query  ; but  of  all  the  agents  dissolving  animal  mat- 
ter, acetic  acid  is  that  which  would  appear  most  completely  to  ful- 
fil this  condition  : for,  if  we  take  a portion  of  each  of  these  tissues 
of  the  body,  and  submit  them  together  or  separately  to  the  action 
of  acetic  acid,  they  will  all  be  dissolved. 

Generally  speaking,  the  action  by  which  chyme  is  formed  pre- 
vents the  re-action  of  the  constituent  elements  of  the  food  upon 
each  other  : but  this  effort  takes  place  only  in  good  digestions  ; in 
imperfect  digestion,  fermentation,  and  even  putrefaction,  may  take 
place  : this  may  be  suspected  by  the  great  quantity  of  inodorous 
gases  that  are  developed  in  certain  cases,  and  the  sulphuretted  hy- 
drogen which  is  disengaged  in  others.  Sometimes  these  gases  pro- 
duce a singular  effect  during  sleep  : they  ascend  into  the  œsopha- 
gus,  distend  it,  compress  the  heart  upon  its  posterior  aspect,  and 
thus  disturb  circulation,  by  producing  a most  fatiguing  anxiety.  I 
know  a person  who  liberates  himself  from  these  gases  : by  insert- 
ing a finger  into  the  pharynx,  he  lays  open  that  canal,  and  thus 
permits  the  gas  contained  in  the  oesophagus  to  proceed  from  it 
with  a sort  of  explosion. 

R 
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The  nerves  of  the  eighth  pair  have  long  been  considered  to 
direct  the  act  of  chymification  : in  fact,  if  tliese  nerves  are  cut,  or 
tied  in  the  neck,  the  matters  introduced  into  tlie  stomach,  in  ge- 
neral, undergo  no  alteration,  but  what  is  much  less  than  what  would 
have  taken  place  had  the  nerves  remained  entire.  This  effect  is 
more  readily  remarked  in  herbivorous  animals,  and  has  been  ob- 
served with  a great  deal  of  care  by  M.  Dupuy,  professor  in  the 
veterinary  school  at  Alfort. 

Influence  of  The  difficulty  or  diminution  of  gastric  digestion  in  this  case 

the  eighth  , , , i v ■ ■ ° 

pair  of  nerves  appeared  to  depend  upon  the  diminution,  or  recession,  of  the  se- 

di^e  cretion  of  gastric  juice-  But  it  has  been  concluded  in  a general 
manner,  that  the  division  of  the  eighth  pair  abolished  the  chymific 
power  of  the  stomach. 

This  consequence  appears  to  me  too  extensive  ; for  the  section 
of  the  eighth  pair  induces  so  much  disorder  in  the  respiration,  so 
much  obstruction  in  the  pulmonary  circulation,  that  it  might  easily 
happen  that  this  derangement  of  digestion  is  merely  the  effect  of 
the  disorder  produced  in  the  respiration  and  circulation.  {See  the 
influence  of  the  eighth  pair  upon  respiration.) 

In  order  to  remove  this  objection,  I divided  these  nerves,  not  in 
the  neck,  as  in  the  foregoing  experiments,  but  in  the  thorax,  im- 
mediately above  the  diaphragm. 

To  effect  this  section,  I cut  through  one  of  the  sternal  ribs,  tied 
the  intercostal  artery,  and,  introducing  my  finger  into  the  chest, 
I raised  the  œsophagiis,  and  the  nerves  which  pass  upon  its  sur- 
face ; it  was  then  easy  for  me  to  divide  them,  without  fear  of  their 
escaping. 

Immediately  after  the  section,  I compelled  the  animal  to  eat 
some  aliments,  with  the  chymification  of  which  I am  familiar,  fatty 
bodies,  for  example  ; and  I satisfied  myself,  after  having  allowed  a 
proper  period  to  elapse,  that  the  substances  were  chymified,  and 
that  they  furnished  ultimately  an  abundance  of  chyle. 

Moreover,  in  birds,  the  division  of  nerves  of  the  eighth  pair  exerts 
no  apparent  influence  upon  chymification.  As  it  does  not  appear 
that  these  animals  have  a true  chyle,  we  can  say  nothing  of  the 
influence  of  their  nerves  upon  the  production  of  that  fluid.  ® 

Some  persons  have  pretended  that  electricity  might  even  have  a 
share  in  the  production  of  chyme,  and  that  the  nerves  of  the  sto- 
mach might  be  its  conductors. 
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Di'  Wilson  Philip  is  the  author  who,  of  all  others,  has  main- 
tained this  opinion  with  most  perseverance,  founding  his  doctrine 
upon  numerous  experiments.  He  divided  the  pneumogastric 
nerves  in  two  animals,  after  having  caused  them  to  eat.  He 
abandoned  the  one  to  itself,  and  submitted  the  other  to  a galvanic 
current,  transmitted  through  the  œsophagus  and  stomach.  In  the 
first,  digestion  was  destroyed  ; in  the  second,  it  was  performed  as 
if  the  nerves  had  not  been  cut.  Such  are  at  least  the  results 
which  offered  themselves  to  Dr  Wilson  Philip  ; but  it  must  be 
observed,  that  these  results  are  by  no  means  constant,  and  that 
they  have  often  failed,  even  with  Dr  Wilson  himself,  which  cer- 
tainly would  not  have  happened  if  digestion  were  merely  a simple 
physical  phenomenon.  Then  the  simple  division  of  the  nerves  in 
the  neck  does  not  always  interrupt  chymification.  Experiments 
lately  made  at  Paris  by  MM.  Breschet,  H.  Edwards,  and  Vavas- 
seur,  have  inclined  these  gentlemen  to  believe  that  they  merely 
weaken  it. 

The  influence  of  the  eighth  pair  upon  chymification  is  therefore 
not  yet  well  known,  and  the  galvanic  property  of  the  nerve  more 
than  doubtful. 

The  most  probable  use  of  the  nerves  of  the  eighth  pair  is,  to 
establish  intimate  relations  between  the  stomach  and  brain,  to 
give  notice  whether  any  noxious  substances  have  entered  along 
with  the  food,  and  whether  they  are  capable  of  being  digested. 

In  a vigorous  person,  the  operation  of  the  formation  of  chyme  internal  sen- 
takes  place  without  his  knowledge  ; it  is  merely  perceived  that  accompany 
the  sensation  of  fulness,  and  the  difficulty  of  respiration  produced  of  chyme, 
by  the  distention  of  the  stomach,  disappear  by  degrees  : but  fre- 
quently, with  people  of  a delicate  temperament,  digestion  is  accom- 
panied with  feebleness  in  the  action  of  the  senses,  with  a general 
coldness  and  slight  shiverings  ; the  activity  of  the  mind  dimi- 
nishes, and  seems  to  become  drowsy,  and  there  is  a disposition  to 
sleep.  The  vital  powers  are  then  said  to  be  concentrated  in  the 
organ  that  acts,  and  to  abandon  for  an  instant  the  others.  To 
those  general  effects  are  joined  the  production  of  the  gas  that 
escapes  by  the  mouth,  a feeling  of  weight,  of  heat,  of  giddiness, 
and  sometimes  of  burning,  followed  by  an  analogous  sensation 
along  the  œsophagus,  &c.  These  effects  are  felt  particularly  to- 
wards the  end  of  chymification.  They  seem  the  result  of  a 
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true  fermentation,  wliicli  is  then  established  in  the  stomacli. 
Analogous  phenomena  are  developed  when  alimentary  matters  are 
left  in  an  oven  heated  to  104°  F.  It  does  not  apjiear,  however, 
that  these  laborious  digestions  are  much  less  beneficial  than  the 
others. 


Action  of  the  small  intestine. 

The  small  intestine  is  the  longest  portion  of  the  digestive  canal  ; 
it  establishes  a communication  between  the  stomach  and  the  large 
intestine-  Not  being  susceptible  of  mucJi  distention,  it  is  twisted 
a great  many  times  upon  itself,  being  much  longer  than  the  place 
in  which  it  is  contained.  It  is  fixed  to  the  vertebral  column  by 
a fold  of  the  peritoneum,  which  limits,  yet  aids  its  motions  ; its 
longitudinal  and  circular  fibres  are  not  separated,  as  in  the  sto- 
mach ; its  mucous  membrane,  which  presents  many  villi,  and  a 
great  number  of  mucous  follicles,  forms  irregular  circular  folds,  the 
number  of  which  are  greater  in  proportion  as  the  intestine  is  ex- 
amined nearer  the  pyloric  orifice  : These  folds  are  called  valvulae 
conniventes. 

The  small  intestine  receives  many  bloodvessels  ; its  nerves 
come  from  the  ganglions  of  the  great  sympathetic.  At  its 
internal  surface  the  numerous  orifices  of  the  chyliferous  vessels 
open. 

This  intestine  is  divided  into  three  parts,  called  the  duodenum, 
jejunum,  and  ileuvn  ; but  this  division  is  of  little  use  in  physio- 
logy. 

The  mucous  membrane  of  the  small  intestine,  lilce  that  of  the 
stomach,  secretes  abundance  of  mucus,  which  I do  not  think  has 
ever  been  analyzed.  It  appears  to  me  to  be  viscous,  thready,  of  a 
salt  taste,  and  reddens  strongly  turnsol  paper  ; all  which  proper- 
ties we  have  already  remarked  in  the  liquid  secreted  by  the  sto- 
mach. Haller  gave  this  fluid  the  name  of  intestinal  juice  (suc- 
cus  entericus)  ; the  quantity  that  is  formed  in  twenty-four  hours  he 
estimated  at  eight  pounds. 

We  remark,  not  far  from  the  gastric  extremity  of  this  intestine, 
the  common  orifice  of  the  biliary  and  pancreatic  canals,  by  which 
the  fluids  secreted  by  the  liver  and  the  pancreas  flow  into  the  intes- 
tinal cavity.  If  the  formation  of  chyme  is  still  a mystery,  the 
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nature  of  the  phenomena  that  take  place  in  the  small  intestine  are 
little  better  known.  We  shall  here  follow  our  ordinary  method  ; 
that  is,  we  will  describe  only  what  we  know  from  observation. 

We  will  first  speak  of  the  entrance  of  the  chyme,  and  its  pas- 
sage through  the  small  intestine  ; afterwards  we  will  notice  the 
changes  that  it  suffers. 

Accumulation  and  passage  oj^  chyme  in  the  small  intestine. 

In  dogs,  I have  frequently  had  occasion  to  see  the  chyme  pass  Accumuia- 

° I ./  j tion  of  chyme 

from  the  stomach  into  the  duodenum.  The  phenomena  that  linthesmaii 

* _ intestine. 

have  observed  are  these  : At  intervals,  more  or  less  distant,  a 
contractile  motion  commences  towards  the  middle  of  the  duode- 
num ; it  is  propagated  rapidly  to  the  site  of  the  pylorus  ; this  ring 
contracts  itself,  as  also  the  pyloric  part  of  the  stomach;  by  this  Motion  of  the 
motion  the  matters  contained  in  the  duodenum  are  pressed  back 
towards  the  pylorus,  where  they  are  stopped  by  the  valve,  and 
tliosë  that  are  found  in  the  pyloric  part  are  partly  pressed  towards 
the  splenic  part  ; but  this  motion,  directed  from  the  intestine  to- 
wards the  stomach,  is  very  soon  replaced  by  another  in  a contrary 
direction,  namely,  which  propagates  itself  from  the  stomach  towards 
the  duodenum,  the  result  of  which  is  to  make  a considerable  quan- 
tity of  chyme  pass  the  pylorus. 

The  motion  that  we  have  described  is  generally  repeated  many 
times  following,  and  modified  as  to  the  rapidity,  the  intensity  of 
contraction,  &c.  ; it  then  ceases  to  begin  again  after  some 
time.  It  is  not  very  marked  in  the  first  moments  of  the  formation 
of  chyme  ; the  extremity  only  of  the  pyloric  part  participates 
in  it.  It  augments  in  proportion  as  the  stomach  becomes  empty  ; 
and  towards  the  end  of  chymification  I have  often  seen  it  take 
place  over  the  whole  stomach.  I have  ascertained  that  it  is  not 
suspended  by  the  section  of  the  nerves  of  the  eighth  pair;  and  this 
fact  is  of  much  importance  in  relation  to  the  nervous  action.  It 
shews  that  the  functions  of  these  nerves  cannot  be  compared,  as  is 
generally  done,  with  those  of  the  ordinary  motor  nerves.  Para- 
lysis follows  instantly  the  division  of  the  latter  : nothing  like  this 
takes  place  in  the  stomach  ; the  contractions  of  that  organ  lose 
nothing  of  their  activity,  at  least  in  the  first  moments  after  the 
operation. 
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Thus  the  entrance  of  chyme  into  the  small  intestine  is  not  per- 
petual. According  as  it  is  repeated,  the  chyme  accumulates  in 
the  first  portion  of  the  intestine  ; it  distends  its  sides  a little,  and 
presses  into  the  intervals  of  the  valves  ; its  presence  very  soon  ex- 
cites the  organ  to  contract,  and  by  this  means  one  part  advances 
into  the  intestine,  the  other  remains  attached  to  the  surface  of  its 
membrane,  and  afterwards  takes  the  same  direction.  The  same 
phenomenon  continues  down  to  the  large  intestine  ; but  as  the 
duodenum  receives  new  portions  of  chyme,  it  happens  at  last  that 
the  small  intestine  is  filled  in  its  whole  length  with  this  matter. 
It  is  observed  only  to  be  much  less  abundant  near  the  cæcum  than 
at  the  pyloric  extremity. 

The  motion  that  determines  the  progress  of  the  chyme  through 
the  small  intestine,  has  a great  analogy  with  that  of  the  pylorus  : 
it  is  irregular,  returns  at  periods  which  are  variable,  is  sometimes 
in  one  direction,  sometimes  in  another,  and  takes  place  sometimes 
in  many  parts  at  once  : it  is  always  slow,  more  or' less;  it  causes 
relative  changes  of  situation  amongst  the  intestinal  convolutions. 
It  is  beyond  the  influence  of  the  will. 

We  should  form  a false  idea  of  it  were  we  merely  to  examine 
the  intestine  of  an  animal  recently  dead  ; it  has  then  a much  greater 
activity  than  during  life.  Nevertheless,  in  weak  digestions  it  ap- 
pears to  acquire  more  than  ordinary  energy  and  velocity. 

In  whatever  manner  this  motion  takes  place,  the  chyme  appears 
to  move  very  slowly  in  the  small  intestine  : the  numerous  valves 
that  it  contains,  the  multitude  of  asperities  that  cover  the  mucous 
membrane,  the  many  bendings  of  tbe  canal,  are  so  many  circum- 
stances that  must  contribute  to  retard  its  progress,  but  which  must 
favour  its  mixture  with  the  fluids  contained  in  the  intestine,  and 
the  production  of  the  chyle  which  results  from  it. 

Changes  that  chyme  undergoes  in  the  small  intestine. 

It  is  only  about  the  height  of  the  orifice  of  the  ductus  choledochus 
and  pancreatic  canal  that  the  chyme  begins  to  change  its  properties. 
Before  this  it  preserves  its  colour,  its  semi-fluid  consistence,  its 
sharp  odour,  its  slightly  acid  taste  ; but  in  mixing  with  the  bile 
and  the  pancreatic  juice,  it  assumes  new  qualities  : its  colour  be- 
comes yellowish,  its  taste  bitter,  and  its  sharp  odour  diminishes 
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inuch.  If  it  proceeds  from  animal  or  vegetable  matters,  which  con- 
tained grease  or  oil,  irregular  filaments  are  seen  to  form  here  and 
there  upon  its  surface  ; they  are  sometimes  flat,  at  other  times 
rounded,  attach  themselves  quickly  to  the  surface  of  the  valve,  and 
appear  to  consist  of  crude  chyle.  This  matter  is  not  seen  when 
the  chyme  proceeds  from  matter  that  contained  no  fat  ; it  is  a 
greyish  layer,  more  or  less  thick,  which  adheres  to  the  mucous 
membrane,  and  appears  to  contain  the  elements  of  chyle.  The  Alteration  of 
same  phenomena  are  observed  in  the  two  superior  thirds  of  the  the  small  in- 
small  intestine  ; but  in  the  inferior  third,  the  chymous  matter 
more  consistent  ; its  yellow  colour  becomes  more  deep  ; it  ends 
sometimes  by  becoming  of  a greenish  brown,  which  pierces  through 
the  intestinal  parietes,  and  gives  an  appearance  to  the  ileum  dis- 
tinct from  that  of  the  duodenum  and  jejunum.  When  it  is  exa- 
mined near  the  cæcum,  there  are  few  or  no  whitish  chylous  striæ 
to  be  seen  ; it  seems,  in  this  place,  to  be  only  the  remainder  of  the 
matter  which  has  served  in  the  formation  of  the  chyle. 

After  what  has  been  said  above  upon  the  varieties  that  the 
chyme  presents,  we  may  understand  that  the  changes  it  undergoes 
in  the  small  intestine  are  variable  according  to  its  properties  ; in 
fact,  the  phenomena  of  digestion  in  the  small  intestine,  vary  ac- 
cording to  the  nature  of  the  food  *.  The  chyme,  however,  pre- 
serves its  acid  property;  and  if  it  contains  small  quantities  of  food, 
or  other  bodies  that  have  resisted  the  action  of  the  stomach,  they 
traverse  the  small  intestine  without  undergoing  any  alteration. 

The  same  phenomena  appear  when  the  same  substances  have  been 
used.  I have  recently  been  able  to  ascertain  this  fact  upon  the 
bodies  of  two  criminals,  who,  two  hours  before  death,  had  taken  an 
ordinary  meal,  in  which  they  had  eaten  the  same  food  nearly  in 
equal  quantity  ; the  matters  contained  in  the  stomach,  the  chyme 
in  the  pyloric  portion  and  in  the  small  intestine,  appeared  to  me 
exactly  the  same  as  to  consistence,  colour,  taste,  odour,  &c. 

Dr  Prout  has  recently  been  engaged  with  the  composition  of 
chyme  ; his  experiments  have  been  made  upon  different  species 
of  animals.  He  compared  with  care  the  digestion  of  two  dogs. 


• We  have  made  many  experiments  on  tliis  point,  but  the  details  would 
be  useless  in  an  elementary  wori. 
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of  which  the  one  had  eaten  only  of  vegetable  matter,  and  the  se- 
cond of  animal  substances  alone  ; the  result  of  his  comparative 
analyses  may  be  found  in  the  following  table  : 

COMPARATIVE  TABLE. 

VEGETABLE  ALIMENT. 

Chyme  from  duodenum. 

Semi-flu  d,  opake,  composed  of  a yel- 
lowüsh-white  matter,  mixed  with  a se- 
cond portion  of  the  same  colour,  but 
of  more  considerable  consistence  : com- 
pletely coagulates  milk;  is  composed  of 

A.  Water 8G-5 

B.  Chyme,  &c.., C-0 

C.  Albuminous  matter 

D.  Biliary  principle l.fi 

E.  Vegetable  gluten? 5-0 

E.  Salts 0-7 

G.  Insoluble  residue 0-2 

1000  1000 

Should  an  aliment  not  be  submitted  to  the  action  of  the  stomach, 
but  merely  be  placed  under  the  influence  of  the  small  intestine, 
would  it  be  digested  ? I have  made  some  attempts  to  solve  this 
interesting  question,  particularly  under  a medical  point  of  view. 
And  at  first,  it  must  be  remarked  that  persons,  of  which  the  sto- 
mach has  become  completely  disorganized,  survive  too  long  to  allow 
us  to  suppose  that  the  cessation  of  the  action  of  the  stomach  neces- 
sarily interrupts  the  whole  digestive  process.  I placed  a bit  of  raw 
meat  in  the  duodenum  of  a healthy  dog  : at  the  expiry  of  an  hour, 
this  piece  of  meat  had  arrived  at  the  rectum,  its  weight  being  lit- 
tle diminished  ; it  was  merely  altered  at  its  surface,  which  was 
discoloured.  In  another  experiment,  I fixed  the  bit  of  muscle  with 
a thread,  that  it  could  not  escape  from  the  small  intestine  : three 
hours  after  the  animal  was  opened  : the  piece  of  meat  had  lost 
about  the  half  of  its  weight,  and  the  fibrine  in  particular  had  been 
attacked  ; what  remained,  almost  entirely  cellular,  was  extremely 
fetid.  In  whatever  manner  it  is  to  be  explained,  then,  the  solvent 
property  resides  also  in  the  small  intestine. 


ANIMAL  ALIMENT. 

2d,  Chyme  from  duodenum. 

Thicker  and  more  viscous  than 
that  of  vegetable  matter;  its  co- 
lour approaching  more  to  red. 
Does  not  coagulate  milk. 

80-2 

15-8 

1*3 

1-7 


0.7 

0-3 
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There  is  srenerallv  gas  found  in  the  small  intestine  durino;  the  Gas  contained 

° ° 1 1 in  the  small 

formation  of  chyle.  M.  Jurine,  of  Geneva,  was  the  first  who  exa-  intestine, 
mined  it  with  attention,  and  pointed  out  its  nature  ; but  at  the 
period  when  this  learned  physician  wrote,  eudiometric  processes 
were  very  far  from  their  present  perfection.  I have  thought  it 
necessary,  therefore,  to  make  new  researches  upon  this  interesting 
point  ; and  M.  Chcvreul  has  been  kind  enough  to  assist  me  in  the 
execution  of  this  labour.  Our  experiments  were  made  upon  the 
bodies  of  criminals  opened  shortly  after  death,  and  who,  being 
young  and  vigorous,  presented  the  most  favourable  conditions  for 
such  researches.  In  a subject  of  twenty-four  years,  who  had  eaten, 
two  hours  before  his  death,  bread,  and  some  Swiss  cheese,  and  had 
drank  water  reddened  with  wine,  we  found  in  the  small  intestine  : 


Oxygen, 0-00 

Carbonic  acid, 24-39 

Pure  hydrogen, 55'53 

Azote, 20-08 

Total, 100-00 


In  a second  subject,  aged  twenty-three  years,  who  had  eaten  of 
the  same  food  at  the  same  hour,  and  whose  punishment  took  place 


at  the  same  time  : 

Oxygen, 0 00 

Carbonic  acid, 40  00 

Pure  hydrogen, 51-15 

Azote, 8-05 


Total, 100-00 


In  a third  experiment,  made  upon  a young  man  of  twenty-eight 
years,  who,  four  hours  before  death,  had  eaten  bread,  beef,  lentiles, 
and  drank  red  wine,  we  found  in  the  same  intestine  : 


Oxygen, 0-00 

Carbonic  acid, 25-00 

Pure  hydrogen, 8-40 

Azote, CO'OO 


Total, 100-00 


We  never  observed  any  other  gases  in  the  small  intestine.  These  origin  of  the 
gases  might  have  different  origins.  They  might  possibly  come  fafn  tSmïii 
from  the  stomach  with  the  chyme,  or  they  were  perhaps  secreted  >"‘®stine. 
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by  the  intestinal  mucous  membrane  ; they  might  arise  from  the 
reciprocal  action  of  the  matters  contained  in  the  intestine,  or  per- 
haps they  might  come  from  all  these  sources  at  once. 

However,  the  stomach  contains  oxygen,  and  very  little  hydro- 
gen ; whilst  we  have  almost  always  found  much  hydrogen  in  the 
small  intestine,  and  never  any  oxygen.  Besides,  it  is  a daily  ob- 
servation, that  the  little  gas  that  the  stomach  contains  is  generally 
passed  by  the  mouth  towards  the  end  of  chymification,  probably 
because  at  this  instant  it  can  more  easily  advance  into  the  œsopha- 
gus. 

The  probability  of  the  formation  of  gases  by  the  secretion  of 
the  mucous  membrane  could  not  be  at  all  admissible,  except  for 
carbonic  acid,  which  seems  to  be  formed  in  this  manner  in  respira- 
tion. With  regard  to  the  action  of  matters  contained  in  the  intes- 
tine, I have  many  times  seen  the  chymous  matter  let  bubbles  of 
gas  escape  very  rapidly.  This  phenomenon  took  place  from  the 
orifice  of  the  ductus  choledochus  to  the  commencement  of  the 
ilium  : there  was  no  trace  of  it  perceived  in  this  last  intestine, 
nor  in  the  superior  part  of  the  duodenum,  nor  the  stomach.  I 
have  made  this  observation  again  upon  the  body  of  a criminal  four 
hours  after  death  ; it  presented  no  traces  of  putrefaction. 

The  alteration  which  chyme  undergoes  in  the  small  intestine  is 
unknown  ; it  is  easily  seen  to  be  in  the  result  of  the  action  of  the 
bile  *,  of  the  pancreatic  juice,  and  of  the  fluid  secreted  by  the 


• An  able  English  physiologist,  Mr  Brodie,  has  made  some  experiments 
on  the  use  of  bile  in  digestion.  For  this  purpose,  he  tied  the  ductus  chole- 
dochus communis  in  recent  kittens,  and  observed  that  this  ligature  com- 
pletely opposed  the  formation  of  chylé.  The  chyme  passed  into  the  small 
intestine  without  ceasing  to  deposit  in  it  what  I have  named  brute,  or  rudi- 
mentary chyle. 

The  lacteal  vessels  contained  no  chyle  whatever,  but  only  a transparent 
fluid,  which  Mr  Brodie  supposes  part  of  the  lymph,  and  of  the  most  liquid 
portion  of  the  chyme. 

I have  repeated  this  experiment,  which  is  now  old,  upon  some  adult  ani- 
mals ; most  of  these  died  from  the  consequence  of  opening  the  abdomen, 
and  of  the  operation  necessary  for  tying  the  ductus  choledochus.  But  in 
the  tw'o  cases  where  the  animal  survived  the  operation  some  days,  I was  en- 
abled to  satisfy  myself  that  digestion  had  continued,  that  white  chyle  had 
been  formed,  and  stercoraceous  matter  produced.  The  latter  was  not 
coloured  as  usual,  and  that  is  not  surprising,  since  they  contained  no  bile; 
in  these  respects  the  animals  presented  no  tinge  of  yellow. 
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mucous  membrane,  upon  the  chyme.  But  what  is  the  play  of  af- 
finities in  this  really  chemical  operation,  and  why  is  the  chyle  pie- 
cipitated  upon  the  surface  of  the  valvulae  conniventes,  whilst  the 
rest  remains  in  the  intestine  to  be  afterwards  expelled  P^j^This  is 
completely  unknown. 

M^e  have  learned  something  more  of  the  time  that  is  necessary 
for  this  alteration  of  the  chyme.  The  phenomenon  does  not  take 
place  quickly  : in  animals,  it  often  happens  that  we  do  not  find  any 
chyle  formed  three  or  four  hours  after  the  meal. 

After  what  has  been  said,  we  see  that  in  the  small  intestine,  the 
chyme  is  divided  into  two  parts  : the  one  which  attaches  itself  to 
the  sides,  and  which  is  the  chyle  still  impure  ; the  other  the  true 
refuse,  which  is  destined  to  be  thrown  into  the  large  intestine,  and 
afterwards  to  be  entirely  carried  out  of  the  body. 

Thus  is  accomplished  the  important  phenomenon  of  digestion, 
the  production  of  chyle  : those  that  remain  to  be  examined  are 
only  the  complement  of  it. 

Action  of  the  large  intestine. 

The  large  intestine  has  a considerable  extent  ; it  forms  a large 
circuit  in  coming  from  the  right  iliac  fossa,  where  it  commences, 
to  the  anus,  where  it  terminates. 

It  is  divided  into  cæcum,  colon,  and  rectum.  The  cæcum  is  si-  pf  t'’?  '^'2® 

.....  intestine. 

tuated  in  the  right  iliac  region  ; it  is  placed  close  to  the  end  of 
the  small  intestine.  The  colon  is  divided  into  the  ascending  por- 
tion, which  extends  from  the  cæcum  to  the  right  hypochondrium  ; 
into  the  transverse  portion,  which  is  directed  horizontally  from  the 
right  hypochondrium  to  tb.e  left  ; and  into  the  descending  portion, 
which  is  prolonged  to  the  excavation  of  the  pelvis.  The  rectum 
is  very  short  ; it  begins  where  the  colon  finishes,  and  terminates  in 
the  formation  of  the  anus. 

In  this  passage,  the  large  intestine  is  fixed  by  folds  of  the  pe~ 
ritoneum,  so  disposed  as  easily  to  permit  variations  of  volume.  Its  testine. 
muscular  layer  has  a particular  disposition.  Its  longitudinal  fibres 
form  three  straight  bundles,  far  separated  from  each  other  when 
the  intestine  is  dilated.  Its  circular  fibres  form  also  bundles  much 
more  numerous,  but  equally  separated.  From  this  results,  that,  in 
a great  number  of  points,  the  intestine  is  formed  only  of  the  peri- 
4 
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Accumula- 
tion of  ex- 
crement in 
the  large 
intestine. 


toneum'’ancl  the  mucous  membrane.  These  places  are  generally 
formed  into  distinct  cavities,  where  the  excremental  matters  are 
accumulated.  The  rectum  does  not  present  this  dis])osition  ; its 
muscular  layer  is  very  thick,  uniformly  spread,  and  appears  to  pos- 
sess a more  powerful  contraction  than  that  of  the  colon. 

The  mucous  membrane  of  the  large  intestine  is  not  covered  with 
villi  like  that  of  the  small  intestine  and  stomach  ; it  is,  on  the  con- 
trary, smooth.  Its  colour  is  pale  red  -,  there  arc  only  a small  num- 
ber of  follicles  remarked  in  it.  At  the  junction  of  the  cæcum  with 
the  small  intestine,  there  exists  a valve,  evidently  disposed  to  per- 
mit matters  to  pass  into  the  great  intestines,  but  to  prevent  their 
return  into  the  small  intestine.  Much  fewer  arteries  and  veins 
come  to  the  large  than  to  the  small  intestine  ; the  same  is  true  of 
the  nerves  and  lymphatic  vessels. 

Accumulation  and  passage  of  the  Jeces  in  the  large  intestine. 

The  contraction  of  the  inferior  portion  of  the  ilium  determines 
the  matter  that  it  contains  to  penetrate  into  the  cæcum.  This  mo- 
tion, which  is  irregular,  returns  at  distant  intervals  : it  is  rarely 
seen  in  living  animals,  but  it  is  frequently  perceived  in  animals  that 
have  just  been  killed.  It  has  no  coincidence  with  that  which  the 
pylorus  presents. 

In  proportion  as  this  motion  is  repeated,  the  matter  that  comes 
from  the  ilium  accumulates  in  the  cæcum  ; it  cannot  retui'n  into 
the  small  intestine,  for  the  ilio-cæcal  valve  prevents  it;  it  has  no 
issue  but  by  the  opening  that  communicates  with  the  colon. 
Once  introduced  into  the  cæcum,  it  takes  the  name  of  excremental, 
fecal,  stercoral  matter,  he. 

After  having  remained  a certain  time  in  the  cæcum,  the  excre- 
mental matters  pass  into  the  colon,  the  different  portions  of  which 
it  passes  through  in  succession  ; sometimes  forming  a continued 
mass,  sometimes  insulated  masses,  which  fill  one,  or  many  of  the 
compartments,  that  the  intestine  presents  in  its  whole  length.  This 
progression,  which  is  generally  very  slow,  takes  place  by  the  in- 
fluence of  the  contraction  of  the  muscular  fibues,  and  of  the  pres- 
sure that  the  intestine  supports  in  an  organ  contained  in  the  abdo- 
men : it  is  procured  by  the  follicular  and  mucous  secretion  of  the 
internal  membrane. 
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Being  arrived  at  the  rectum,  the  matter  accumulates,  distends 
its  parietes  uniformly,  and  forms  a mass  sometimes  of  several 
pounds.  It  cannot  proceed  further,  for  the  anus  is  always  shut  by 
the  contraction  of  the  two  sphincter  muscles. 

The  consistence  of  the  fices  in  tlie  large  intestine  is  very  variable  ; 
however,  in  a man  in  good  health,  it  is  more  considerable  than  that 
which  passes  from  the  small  intestine.  Its  solidity  generally  in- 
creases as  it  appioaches  the  rectum  ; but  it  there  becomes  soft,  by 
absorbing  the  fluids  secreted  by  the  mucous  membrane. 

Changes  of  the  feces  in  the  large  intestine. 

The  feces  have  not  the  fetid  odour  proper  to  human  excrements  changes  that 

, . • 1 1 • • feces  uu- 

before  their  passage  into  the  large  intestine  ; they  contract  their  dergo  in  the 

...  c 1 1 large  intestine. 

peculiar  odour,  even  by  remaining  there  for  the  shortest  time. 

Their  yellowish-brown  colour  becomes  more  deep  ; but  with  re- 
gard to  consistence,  odour,  colour,  &c.,  there  are  numerous  va- 
rieties that  depend  on  the  nature  of  the  food  digested,  or  the  man- 
ner in  which  chymification  and  chylification  have  taken  place  ; and 
on  the  habitual  disposition,  or  that  which  existed  during  the  opera- 
tion of  former  digestion. 

Amongst  the  feces  are  found  all  the  matters  that  have  not  been 
changed  by  the  action  of  the  stomach  : there  are  also  often  seen 
stones  of  fruit,  grains,  and  other  vegetable  substances. 

Several  celebrated  chemists  have  been  engaged  in  the  analysis 
of  human  excrement  ; M.  Berzelius  found  them  composed  of — 


Water, 75.3 

Vegetable  and  animal  remains,  7.0 

Bile, 0.9 

Albumen, 0.9 

Peculiar  extractive  matter, 2.7 

Matter  formed  of  altered  bile,  of  resin, 

animal  matter,  &c., 14.0 

Salts, 1,2 


Total, 


100.0 
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Sequel  of  the  Comparative  Table  of  Dr  Trout. 


VEGETABLE  ALIMENT. 

Matters  found  in  the  cæcum. 

Of  a brown-yellow  colour,  con- 
sistence hard  and  somewhat  viscid. 
Does  not  coagulate  milk. 

A.  Water,  quantity  indeterminate. 

B.  Mixture  of  mucous  principles, 
and  of  changed  alimentary  mat- 
ters, insoluble  in  acetic  acid,  and 
forming  the  greatest  part  of  the 
substance. 

C.  Albuminous  matter,  no  trace. 

D.  Biliary  principles,  altered  as  to 
quantity,  almost  as  above. 

E.  Vegetable  gluten  ? No  traces. 
Contained  a principle  insoluble 
in  acetic  acid,  and  precipitated 
abundantly  by  oxalate  of  ammo- 
nia. 

F.  Saline  matters,  as  above. 

G.  Residue  insoluble,  in  small  quan- 
tity. 

Matter  of  the  colon. 

Of  a yellow-brown  colour,  of  the 
consistence  of  mustard,  containing 
many  bubbles  of  air  ; of  a faint  but 
peculiar  odour,  analogous  to  that  of 
fresh  dough.  Does  not  coagulate 
milk. 

A.  Water,  quantity  indetenninate. 

B.  Mixture  of  mucous  principles, 
and  of  changed  alimentary  mat- 
ters, the  latter  in  excess,  insoluble 
in  acetic  acid,  and  forming  the 
principal  part  of  the  substance. 

C.  Albuminous  matter,  no  trace. 

D.  Biliary  principles  as  above,  in 
all  respects. 

E.  Vegetable  gluten  ? None.  Con- 
tains a principle  soluble  in  acetic 
acid,  and  precipitated  abundantly 
by  the  oxalate  of  ammonia,  as  in 
the  cæcum. 


ANIMAL  ALIMENT. 

Matters  found  in  the  cæcum. 

Of  a brown  colour  and  very  viscid 
consistence.  Curdles  milk. 

A.  Water,  quantity  indeterminate. 

B.  Mixture  of  mucous  principles, 
and  of  changed  alimentary  mat- 
ters, insoluble  in  acetic  acid,  and 
fonning  the  greatest  part  of  the 
substance. 

C.  Albuminous  matter,  a trace. 

D.  Biliary  principles,  altered  as  to 
quantity,  almost  as  above. 

E.  Vegetable  gluten  ? No  traces. 
Contained  a principle  soluble  in 
acetic  acid,  and  precipitated  abun- 
dantly by  oxalate  of  ammonia. 

F.  Saline  matters,  as  above. 

G.  Residue  insoluble,  in  small  quan. 
tity. 

Matter  of  the  colon. 
Consisting  of  a brownish  tremu- 
lous fluid,  almost  mucous,  in  which 
float  white  matters  analogous  to 
coagulated  albumen  : odour  faint, 
scarcely  fetid,  like  bile.  Coagulates 
mUk. 

A.  AVater,  quantity  indeterminate. 

B.  Mixture  of  alimentary  matters 
in  excess,  with  mucous  principles, 
insoluble  in  acetic  acid,  andTorm- 
ing  the  greatest  part  of  these  sub- 
stances. 

C.  Albuminous  matter,  no  trace. 

D.  Biliary  principles  as  above. 

E.  As  in  the  cæcum  above  men- 
tioned. 
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r.  Salts,  as  before. 

G.  Kesidue  insoluble,  less  than  in 
the  colon. 

In  (he  rectum. 

Of  a firm  consistence,  and  olive- 
brown  colour  approaching  to  yellow, 
fetid  odour.  Does  not  coagulate 
milk. 

A.  AVater,  quantity  indetermmate. 

B.  Combination  or  mixture  of  ali- 
mentary substances,  altered,  and 
in  greater  excess  than  in  the  co- 
lon ; and  of  a small  portion  of  mu- 
cus, insoluble  in  acetic  acid,  and 
forming  the  greater  part  of  the 
feces. 

C.  Albuminous  matter  ? 

D.  Biliary  principles,  partly  chan- 
ged into  resin. 

E.  Vegetable  gluten  ? None.  Con- 
tains a principle  like  that  of  the 
cæcum  and  colon. 

F.  Salts,  as  above. 

G.  Residue  insoluble,  principally 
consisting  of  vegetable  fibres  and 
skins. 


F.  Salts  as  above  ; in  addition,  soma 
traces  of  an  alkaline  phosphate. 

G.  Residue  insoluble,  solid  matter, 
in  very  smaU.  quantity. 

In  the  rectum. 

Hard  feces,  of  a brown  colour  ap- 
proaching to  chocolate,  odour  very 
fetid  ; the  water  in  which  it  is  dis- 
solved coagulates  milk. 

A.  Water,  quantity  indeterminate. 

B.  Combination  or  mixture  of  ali- 
mentary matters,  altered  by  a 
much  greater  excess  than  in  any 
other  analysis  ; and  of  a little  mu- 
cus, insoluble  in  acetic  acid,  and 
forming  the  greater  part  of  the 
feces. 

C.  Albuminous  matter  ? 

D.  Biliary  principles,  more  consider- 
able than  in  the  feces  from  vege- 
tables, and  entirely  changed  into 
resinous  matter. 

E.  Vegetable  gluten?  No  trace. 
Contains  a principle  like  that  of 
the  cæcum  and  colon. 

F.  Salts,  as  above. 

G.  Residue  insoluble,  consisting 
principally  of  membranes  (poils.) 


These  analyses,  made  with  the  intention  of  explaining  the  mys- 
tery of  digestion,  can  afford  us  in  the  mean  time  very  small  assist- 
ance : for,  in  order  that  they  should  present  this  advantage,  it 
would  be  necessary  to  vary  them  very  much,  to  take  into  account 
the  nature  and  quality  of  the  aliments  formerly  used,  to  consider 
the  individual  disposition,  to  act  at  first  only  on  excrements  pro- 
ceeding from  very  simple  alimentary  substances  ; but  such  a labour 
supposes  a perfection  in  the  means  of  analysis,  to  which  animal 
chemistry  is  not  yet  perhaps  arrived. 

There  exist  also  gases  in  the  large  intestine  when  it  contains  ex-  Gas  contained 
cremental  matters.  M.  Jurine  long  since  determined  their  nature,  intestine, 
but  he  has  made  only  one  satisfactory  experiment  on  this  subject. 

In  the  large  intestine  of  an  insane  person,  found  in  the  morning 
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dead  of  cold  in  his  cell,  and  immediately  opened,  he  found  azote, 
carbonic  acid,  carhuretted  hydrogen,  and  sulphuretted  liydrogen. 

M.  Chevrenl  and  I examined  with  .care  the  gases  that  were 
found  in  the  large  intestine  of  the  criminals  of  whom-  I spoke  at 
the  article  small  intestine.  In  the  subject  of  the  first  mentioned 
experiment,  the  large  intestine  contained,  in  a hundred  parts  of 
gas 

Colon. 

Oxygen, 0-00 

Carbonic  acid, 43‘50 

Carijuretted  hydrogen,  and  traces 

of  sulphuretted  hydrogen,  6-47 

Azote, 51-03 

Total,  100-00 

The  subject  of  the  second  experiment  presented  in  the  same  in- 
testine : — 

Oxygen, 0-00 

Cai-bonic  acid,  70  00 

Pure  hydrogen,  and  carhuretted 

hydrogen,  11-60 

Azote, 4. 18-40 

Total, 100-00 

Upon  the  subject  of  the  third  experiment  we  separately  analyzed 
the  gas  found  in  the  cæcum  and  that  found  in  the  rectum.  The 


result  was  : — 

Cæcum. 

Oxygen, 0-00 

Carbonic  acid, 12-50 

Pure  hydrogen, 7-50 

Carhuretted  hydrogen, 12-50 

Azote, 67-50 


Total, 100.00 

Rectum. 

Oxygen, o-OO 

Carbonic  acid,  42-86 

Carhuretted  hydrogen, 11-18 

Azote, 45-96 


Total, 


100-00 
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Some  traces  of  sulphuretted  hydrogen  were  shewn,  upon  mercury 
before  the  gas  was  analyzed. 

These  results,  which  may  be  confided  in,  since  all  means  were 
used  to  prevent  errors,  agree  pretty  well  with  those  that  M.  Jurine 
obtained  long  since  relatively  to  the  nature  of  the  gases  ; but  they 
weaken  what  he  said  with  regard  to  the  carbonic  acid,  the  quan- 
tity of  which,  according  to  that  physician,  becomes  less  and  less 
from  the  stomach  to  the  rectum.  On  the  contrary,  we  have  seen 
that  the  proportion  of  this  acid  increases  more  as  the  distance  is 
greater  from  the  stomach. 

The  same  doubts  that  we  expressed  as  to  the  origin  of  the  gases  origin  of 
contained  in  the  small  intestine,  exist  for  those  of  the  large  intes-  f^ge  IntS- 
tine.  Do  they  come  from  the  small  intestine  ? Are  they  secreted 
by  the  mucous  membrane  ? Are  they  formed  at  the  expense,  and 
by  the  reaction,  of  the  constituent  principles  of  the  fecal  matters  ? 

Or  do  they  proceed  from  this  triple  source  ? It  is  not  easy  to  re- 
move our  uncertainty  in  this  respect. 

We  may  notice,  however,  that  these  gases  differ  from  those  of 
the  small  intestine.  In  the  last,  pure  hydrogen  predominates 
often,  whilst  there  is  none  found  in  the  large  intestine,  but  only 
carburetted  and  sulphuretted  hydrogen.  Besides,  I have  frequent- 
ly seen  abundance  of  gases  arising  fi  om  the  matter  of  the  large 
intestine,  under  the  form  of  an  innumerable  multitude  of  small 
bubbles. 

After  what  we  have  seen,  we  may  conclude,  that  the  large  in- 
testine is  of  little  importance  in  the  production  of  chyle.  That 
Organ  fulfils  very  well  the  functions  of  a receptacle,  in  which  is 
deposited,  for  a certain  time,  the  residue  of  the  chemical  digestive 
operation,  in  order  to  be  afterwards  expelled.  We  may  even 
conceive  that  digestion  could  be  completely  effected  without  the 
aid  of  the  large  intestine.  Nature  presents  this  circumstance  in 
individuals  with  an  artificial  anus,  in  which  the  ccecal  extremity  of 
the  small  intestine  ends,  and  by  which  the  matters  escape  that 
have  served  in  the  formation  of  chyme. 
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Expulsion  of  feces. 

The  principal  agents  in  the  excretion  of  feces  are  the  diaphragm 
and  abdominal  muscles  ; the  colon  and  the  rectum  co-operate  in  it, 
but  with  little  efficacy. 

Feeling  that  A®  long  as  the  excremental  matters  are  not  in  great  quantity  in 
theneSty  t^e  large  intestine,  and  particularly  so  long  as  they  are  not  accu- 
feces.**^”' mulated  in  the  rectum,  we  are  not  sensible  of  their  presence  ; but 
when  their  quantity  is  considerable,  and  they  distend  the  rectum, 
then  there  is  a sensation  of  fulness  and  uneasiness  in  the  abdo- 
men. 

This  feeling  is  soon  replaced  by  another  much  more  vivid, 
which  informs  us  of  the  necessity  of  relieving  ourselves.  If  this 
feeling  is  not  attended  to,  on  certain  occasions  it  ceases,  and  com- 
mences again  after  a time  of  more  or  less  continuation  : at  other 
times  it  increases  quickly,  and  with  such  force,  that  in  spite  of 
every  effort  to  the  contrary,  the  excrements  would  pass  out,  were 
the  impulse  not  attended  to. 

The  vehemence  of  this  necessity  is  modified  by  the  consistence 
of  the  excremental  matter.  It  is  almost  impossible  to  resist,  be- 
yond a few  instants,  the  expulsion  of  soft  and  almost  liquid  mat- 
ters, whilst  it  is  easy  to  retaid  that  of  other  matters  that  have 
more  solidity. 

Mechanism  of  Nothing  is  more  easy  to  understand  than  the  mechanism  of  the 
expulsion  of  the  excrements  : in  order  that  this  may  take  place, 
the  matters  accumulated  in  the  rectum  must  be  pressed  with  a 
force  superior  to  the  resistance  of  the  muscles  of  the  anus.  The 
contraction  of  the  rectum  alone  could  not  produce  such  an  effect, 
notwithstanding  the  considerable  thickness  of  its  muscular  layer  ; 
other  powers  must  aid  in  it. 

These  are,  on  the  one  hand,  the  diaphragm,  which  presses  di- 
rectly downwards  the  whole  mass  of  the  viscera  ; on  the  other, 
the  abdominal  muscles,  which  contract  and  press  them  against 
the  vertebral  column.  From  the  combination  of  these  two  forces 
results  a considerable  pressure,  which  bears  upon  the  fecal  matter 
gathered  in  the  rectum  ; this  being  too  great  for  the  resistance  of 
the  sphincters,  they  give  way,  the  matter  enters  the  anus,  and 
soon  passes  out. 
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But  as  the  cavity  of  the  rectum  is  much  larger  than  the  open-  Expulsion  of 

• tllG  6XCr©“ 

ing  of  the  anus,  which  contracts  constantly,  the  matter,  in  order  mems. 
to  pass  out,  must  be  formed  according  to  the  diameter  of  this  open- 
ing : it  passes  so  much  more  easily  as  its  consistence  is  less  ; 
when  it  is  more  solid,  it  is  also  necessary  to  employ  more  force. 

If  it  is  liquid,  the  contraction  of  the  rectum  alone  seems  sufficient 
for  its  expulsion. 

A phenomenon  analogous  to  that  which  happens  to  the  œsopha- 
gus  when  the  food  enters  the  stomach,  has  been  observed  in  the 
rectum  by  M.  Hallé.  This  learned  professor  remarked,  that  in  the 
efforts  to  go  to  the  water  closet,  the  internal  membrane  of  the  in- 
testine is  displaced,  and  pressed  down,  and  forms  a projection  near 
the  anus.  This  effect  must  be  produced  in  a great  measure  by  the 
contraction  of  the  circular  fibres  of  the  rectum. 

The  necessity  of  expelling  the  fecal  matters  is  renewed  at  Periods  of 
periods  that  are  variable,  according  to  the  quantity  and  nature  of  the  feces, 
the  food  used,  and  the  individual  disposition.  Generally  it  is  not 
shewn  until  after  several  meals.  With  some  persons  evacuation 
takes  place  once  or  twice  in  twenty-four  hours  ; but  there  are  others 
who  ai-e  ten  or  twelve  days  without  having  any,  and  who  never- 
theless enjoy  perfect  health. 

Habit  is  one  of  the  causes  that  have  most  influence  upon  the  re- 
gular return  of  the  excretion  of  the  feces  : when  it  is  once  con- 
tracted, persons  return  to  the  water  closet  exactly  at  the  same 
hour.  Many  persons,  particularly  females,  are  obliged  to  have  re- 
course to  particular  means,  such  as  clysters,  in  order  to  get  rid  of 
the  matters  accumulated  in  the  large  intestine. 

The  gases  are  not  subjected  to  this  periodic  and  generally  regu-  Expulsion  of 
lar  expulsion  ; their  motion  is  more  rapid.  Their  displacement  faTge’^hîtes^'^ 
being  easy,  they  very  soon  arrive  at  the  anus,  merely  by  the  effect 
of  the  peristaltic  motion  of  the  large  intestine  ; however,  the  con- 
traction of  the  sides  of  the  abdomen  is  necessary  to  be  added  to 
determine  the  passage  outward,  which  takes  place  with  noise  : this 
rarely  happens  when  they  are  expelled  by  the  contraction  of  the 
rectum  alone. 

In  other  respects  the  passage  of  the  gases  from  the  anus  is 
neither  regular  nor  constant.  Many  people  seldom  or  never  pass 
any  : others  do  so  continually.  The  use  of  certain  foods  has  a 
considerable  influence  upon  their  formation  and  expulsion.  Their 

s 2 


S76 


COMPENDIUM  OF  PHYSIOLOGY. 


development  is  generally  considered  as  an  indication  of  bad  diges- 
tion. In  health,  as  in  sickness,  the  repeated  passage  of  air  hy  the 
anus  announces  the  necessity  of  returning  to  the  water  closet. 

By  the  expulsion  of  feces  is  completed  this  complicated  func- 
tion, the  essential  object  of  which  is  the  formation  of  the  chyle  ; 
but  we  should  have  a very  imperfect  idea  of  it,  if,  like  many 
esteemed  authors,  we  treated  only  of  the  digestion  of  the  food. 
Another  kind  of  consideration  presents  itself  for  our  study  : this 
is  the  digestion  of  liquid  aliments,  or  drinks. 

Of  the  digestion  of  drinks. 

iiigestion  It  is  very  singular  that  physiologists,  who  have  been  so  much 
engaged  with  the  digestion  of  solid  food,  and  who  have  erected  so 
many  systems  to  explain  it,  and  made  so  many  experiments  to 
throw  light  upon  its  nature,  have  never  paid  any  particular  atten- 
tion to  that  of  drinks  : this  study,  however,  presented  fewer  appa- 
rent difficulties  than  the  former.  Drinks  are  generally  less  com- 
pounded than  the  foods,  though  there  are  several  of  them  very 
nourishing  ; the  greater  part  are  easily  digested.  This  single  cir- 
cumstance of  the  digestion  of  liquids  ought  to  have  caused  the  re- 
jection of  the  systems  of  trituration,  maceration,  &c.  In  fact,  there 
is  nothing  in  the  drinks  which  riquires  bruising,  and  they  never- 
theless satisfy  hunger,  restore  the  powers,  and  nourish. 

Of  the  taking  of  drinks. 

Taking  of  The  taking  of  drinks  may  he  performed  in  a multitude  of  diffe- 
drinks.  p^iji  j,ag  shown  that  they  may  be  reduced  to 

two  *. 

According  to  the  first,  the  liquid  is  poured  into  the  mouth  ; it 
enters  hy  the  effects  of  its  own  gravity.  We  ought  to  notice  the 
ordinary  manner  of  drinking,  in  which  the  lips  being  in  contact 
with  the  edge  of  the  vessel,  the  liquid  is  poured  more  or  less 
slowly  ; the  action  of  gulping  down,  which  consists  in  projecting 
into  the  mouth  at  once  all  that  the  vessel  contains  ; and  the  action 


• Mem.  de  I’Acad.  des  Scien.  1715,  1716. 
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of  drinking  à la  régalade,  in  which  tlie  head  being  turned  back- 
ward, and  the  jaws  separated,  tlie  liquid  is  let  fall  from  a certain 
height,  in  a continued  jet,  into  the  mouth. 

According  to  the  second  mode  of  taking  drinks,  the  air  is  drawn 
from  the  mouth,  and  the  pressure  of  the  atmosphere  forces  the 
liquid  to  enter  ; such  are  the  actions  of  aspiration,  sipping,  suck- 
ing, or  draining,  &c. 

When  we  aspire,  the  mouth  is  applied  to  the  surface  of  a fs'i^irSn/ 
liquid  ; the  breast  is  often  dilated,  so  as  to  diminish  the  pressure 
of  the  atmosphere  upon  the  portion  of  the  liquid  intercepted  by 
the  lips.  The  liquid  immediately  enters  to  supply  the  place  of  the 
air  subtracted  from  the  mouth. 

In  the  action  of  sucking  at  the  breast,  the  mouth  represents  4'ck'ing°at 
very  well  a sucking  pump,  the  opening  of  which  is  formed  by  the 
lips,  the  body  by  the  cheeks,  the  palate,  &c.  ; and  the  piston  by 
the  tongue. 

When  this  is  put  in  operation,  the  lips  are  applied  exactly 
round  the  body,  from  which  the  liquid  is  to  he  extracted  ; the 
tongue  adapts  itself  ; it  soon  contracts,  diminishes  in  volume,  is 
drawn  backward,  and  there  is  a vacuum  partly  produced  between 
its  superior  surface  and  the  palate  : the  liquid  contained  in  the 
body  that  is  sucked,  not  being  equally  compressed  by  the  atmo- 
sphere, is  displaced,  and  the  mouth  is  hlled. 

Drinks  do  not  remain  in  the  mouth,  having  no  need  of  mastica- 
tion or  insalivation  ; they  are  swallowed  as  soon  as  they  enter. 

They  scarcely  undergo  any  changes  in  passing  this  cavity,  except 
in  their  temperature.  If,  however,  its  taste  is  strong  or  disagree- 
able, or  from  finding  it  pleasant  we  continue  it,  it  happens  that 
the  presence  of  drink  in  the  mouth  causes  a greater  or  less  quan- 
tity of  saliva  and  mucus  to  flow,  which  mixes  with  the  drink. 

Deglutition  of  drinks. 

We  swallow  liquids  by  the  same  mechanism  as  solid  foods  ; but 
as  drinks  slide  more  easily  upon  the  surface  of  the  mucous  mem- 
brane of  the  palate,  tongue,  and  pharynx  ; as  they  yield  without 
difficulty  to  the  least  pressure,  and  always  present  the  qualities 
required  for  traversing  the  pharynx,  they  are  generally  swallowed 
with  less  difficulty  than  solid  food. 
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I do  not  know  why  the  contrary  opinion  generally  exists. 
They  affirm  that  the  atoms  of  liquids  have  a continual  tendency 
to  separate,  and  therefore  ought  to  present  a greater  resistance  to 
the  action  of  the  organs  of  deglutition  ; but  daily  experience  con- 
tradicts this  assertion. 

Every  one  may  easily  determine,  by  his  own  experience,  that  it 
is  more  easy  to  swallow  liquids  than  solids,  even  when  they  are 
suflSciently  attenuated  and  impregnated  with  saliva  *. 

We  call  a gulp  the  quantity  of  liquid  swallowed  at  each  motion 
of  deglutition.  The  volume  of  gulps  is  variable  ; but  however 
voluminous  they  are,  as  they  suit  the  form  of  the  pharynx  and  the 
œsophagus,  they  never  produce  any  painful  distention  in  these 
canals,  such  as  is  seen  in  the  case  of  solid  food. 

In  the  ordinary  manner  of  drinking,  the  deglutition  of  liquids 
presents  the  three  periods  that  we  have  already  described  ; but 
when  we  gulp,  or  drink  à la  régalade,  the  liquid  being  directly 
carried  into  the  pharynx,  only  the  two  last  periods  take  place. 

Accumulation  and  duration  oj drinks  in  the  stomach. 

The  manner  in  which  drinks  accumulate  in  the  stomach  differs 
little  from  that  of  the  aliments  ; it  is  generally  quicker,  more 
equal,  and  more  easy  ; probably  because  the  liquids  spread,  and 
distend  the  stomach,  more  uniformly.  In  the  same  manner  as  the 
food,  they  occupy  more  particularly  its  left  and  middle  portion; 
the  pyloric,  or  right  extremity,  contains  always  much  less. 

The  distention  of  the  stomach  must  not,  however,  be  carried  to 
a great  degree,  for  the  liquid  would  be  expelled  by  vomiting. 
This  frequently  happens  to  persons  that  swallow  a great  quantity 
of  drink  quickly.  When  we  wish  to  excite  vomiting  in  persons 
who  have  taken  an  emetic,  one  of  the  best  means  is  to  make 
them  drink  a number  of  glasses  of  liquid  quickly. 

The  presence  of  drinks  in  the  stomach  produces  local  pheno- 
mena like  those  that  we  have  described  at  the  article  on  the  ac- 
cumulation of  aliments  ; the  same  changes  in  the  form  and 


* Deglutition,  as  performed  in  disease,  affords  no  exception  : if  the  throat 
be  at  all  inflamed,  the  sick  can  swallow  nothing  whatever  except  liquids. 
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position  of  the  organ,  the  same  distention  of  the  abdomen,  the  same 
contraction  of  the  pylorus,  and  the  œsophagus,  &c. 

The  general  phenomena  are  different  from  those  produced  by 
aliments  ; this  depends  on  the  action  of  the  liquids  upon  the  sides 
of  the  stomach,  and  the  quickness  with  which  they  are  carried  in- 
to the  blood. 

Potations,  in  passing  rapidly  through  the  mouth  and  oesopha- 
gus, preserve,  more  than  the  food,  their  proper  temperature,  un- 
til they  arrive  in  the  stomach.  We  therefore  prefer  them  to  these 
when  we  wish  to  experience  in  this  organ  a feeling  of  heat  or  of 
cold  : hence  arises  the  preference  that  we  give  to  hot  diinks  in 
winter,  and  cold  drinks  in  summer. 

Every  one  knows  that  the  drinks  remain  much  shorter  time  in  sta^^ of  drinks 
the  stomach  than  the  aliments  : but  the  manner  of  their  passage  mach. 
out  of  this  viscus  is  still  very  little  known.  It  is  generally  suppos- 
ed that  they  traverse  the  pylorus,  and  pass  into  the  small  intestine, 
where  they  are  absorbed  with  the  chyle  ; nevertheless,  a ligature 
applied  round  the  pylorus,  in  such  a manner  as  to  hinder  it  from 
penetrating  into  the  duodenum,  does  not  much  I'etard  its  disap- 
pearance from  the  cavity  of  the  stomach.  We  shall  return  to  this 
important  point  in  speaking  of  the  agents  of  the  absorption  of 
drink. 


Alteration  of  drinks  in  the  stomach. 

Fluids,  in  respect  of  the  alterations  that  they  prove  in  the  Alteration  of 
stomach,  may  be  divided  into  two  classes  ; the  one  sort  do  not  stomlch. 
form  any  chyme,  and  the  other  are  chymified  wholly,  or  in  part. 

To  the  first  class  belong  pure  water,  alcohol,  sufficiently  weak  Drinks  that 
to  be  considered  as  a drink,  the  vegetable  acids,  &c.  During  its  chyme 
stay  in  the  stomach,  water  assumes  an  equilibrium  of  temperature 
with  the  sides  of  this  viscus  : it  mixes  at  the  same  time  with  the 
mucus,  the  gastric  juice,  and  the  saliva  which  are  found  in  it  ; 
it  becomes  muddy,  and  afterwards  disappears  slowly,  without  suf- 
fering any  other  transformation.  One  part  passes  into  the  small 
intestine,  the  other  appears  to  be  directly  absorbed.  There  re- 
mains after  its  disappearance  a certain  quantity  of  mucus,  which 
is  very  soon  reduced  to  chyme  like  the  aliments.  By  observation 
Ave  know  that  water  deprived  of  atmospheric  air,  as  distilled 
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water,  or  water  charged  with  a great  quantity  of  salts,  as  well- 
water,  remain  long  in  the  stomach,  and  produce  a feeling  of 
weight. 

Alcohol  acts  quite  in  a different  manner.  We  know  the  im- 
pression of  burning  heat  that  it  causes  at  first  in  its  passage 
through  the  mouth,  the  pharynx,  the  œsophagus,  and  that  which 
it  excites  when  it  enters  the  stomach  : the  effects  of  this  action 
determine  the  contraction  of  this  organ,  irritate  the  mucous  mem- 
brane, and  augment  the  secretion  of  which  it  is  the  seat  ; it  coa- 
gulates at  the  same  time  all  the  albuminous  matters  with  which  it 
comes  in  contact  ; and  as  the  different  liquids  in  the  stomach  contain 
a considerable  proportion  of  this  substance,  it  happens,  that  a short 
time  after  alcohol  has  been  swallowed,  there  is  observed  in  this  vis- 
cus  a certain  quantity  of  concrete  albumen.  The  mucus  undergoes  a 
modification  analogous  to  that  of  the  albumen  ; it  becomes  hard, 
forms  irregular  elastic  filaments,  which  preserve  a certain  transpa- 
rency. 

In  producing  these  phenomena,  the  alcohol  mixes  with  the  wa- 
ter that  the  saliva  and  the  gastric  juice  contain  ; probably  it  dis- 
solves a part  of  the  elements  that  enter  into  their  composition,  so 
that  it  ought  to  be  much  weakened  by  its  stay  in  the  stomach.® 
It  disappears  very  quickly  ; its  general  effects  are  also  very  rapid, 
and  drunkenness  or  death  follow  almost  immediately  the  introduc- 
tion of  too  great  a quantity  of  alcohol  into  the  stomach. 

The  matters  coagulated  by  the  action  of  the  alcohol  are,  after 
its  disappearance,  digested  like  solid  aliments. 

Amongst  the  drinks  that  are  reduced  to  chyme,  some  ai'e  re- 
duced in  part,  and  some  wholly. 

Oil  is  in  this  last  case  ; it  is  transformed  in  the  pyloric  part  into 
a matter  analogous  in  appearance  with  that  which  is  drawn  from 
the  purification  of  oils  by  sulphuric  acid  ; this  matter  is  evidently 
the  chyme  of  oil.  On  account  of  this  transformation,  oil  is  per- 
haps the  liquid  that  remains  longest  in  the  stomach. 

Every  one  knows  that  milk  curdles  soon  after  it  is  swallowed  ; 
this  curd  then  becomes  a solid  aliment,  which  is  digested  in  the 
ordinary  manner.  Whey  only  can  be  considered  as  drink. 

The  greatest  number  of  drinks  that  we  use  are  formed  of  water, 
or  of  alcohol,  in  which  are  in  suspension  or  solution,  immediate 
animal  or  vegetable  principles,  such  as  gelatine,  albumen,  osma- 
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zome,  sugar,  gum,  fecula,  colouring  or  astringent  matters,  &c. 

These  drinks  contain  salts  of  lime,  of  soda,  of  potass,  &c. 

The  result  of  several  experiments  that  I have  made  upon  ani-  Drinks  that 
mais,  and  some  observations  that  I have  made  on  man,  is,  that  chyme, 
there  is  a separation  of  water  and  alcohol  in  the  stomach,  from 
the  matters  that  these  liquids  hold  in  suspension  or  solution-. 

These  matters  remain  in  the  stomach,  where  they  are  transformed 
into  chyme  like  the  aliments  ; whilst  the  liquids  with  which  they 
were  united  are  absorbed,  or  pass  into  the  small  intestine  ; lastly, 
they  are  conducted,  as  we  have  just  now  seen,  in  treating  of  water 
and  alcohol. 

Salts  that  are  in  solution  in  water  do  not  abandon  this  liquid, 
and  are  absorbed  with  it. 

Red  wine,  for  example,  becomes  muddy  at  first  by  its  mixture  Experiments 
with  juices  that  are  formed  in,  or  carried  into  the  stomach;  itXttoifofthe 
very  soon  coagulates  the  albumen  of  these  fluids,  and  becomes  ‘ 

flaky  ; afterwards  its  colouring  matter,  carried  perhaps  by  the  mu- 
cus and  the  albumen,  is  deposited  upon  the  mucous  membrane  ; 
there  is  a certain  quantity  of  it  seen  at  least  in  the  pyloric  portion  ; 
the  watery  and  alcoholic  parts  disappear  with  rapidity. 

The  broth  of  meat  undergoes  the  same  changes.  The  water 
that  it  contains  is  absorbed  ; the  gelatine,  the  albumen,  the  fat,  and 
probably  the  osmazome,  remain  in  the  stomach,  where  they  are  re- 
duced into  chyme. 

Action  oj'  the  small  intestine  upon  drinks. 

After  what  has  been  said,  it  is  clear  that  fluids  penetrate  under  Action  of  the 
two  forms  into  the  small  intestine:  1st,  under  that  of  liquid  ; 2d,  upon  drinks, 
under  that  of  chyme. 

The  liquids  that  pass  from  the  stomach  into  the  intestine  re- 
main but  a short  time,  except  under  particular  circumstances  ; 
they  do  not  appear  to  undergo  any  other  alteration  than  their  mix- 
ture with  the  intestinal  juice,  the  chyme,  the  pancreatic  liquid,  and 
the  bile  ; they  do  not  form  any  sort  of  chyle  ; they  are  generally 
absorbed  in  the  duodenum,  and  the  commencement  of  the  je- 
junum ; they  are  rarely  seen  in  the  ilium,  and  still  more  rarely  in 
the  large  intestine.  It  appears  that  this  last  case  does  not  happen, 
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except  in  the  case  of  sickness  ; for  example,  during  the  action  of  a 
purgative. 

The  chyme  that  proceeds  from  drinks  follows  the  same  rule, 
and  appears  to  undergo  the  same  changes  as  that  of  the  food  ; it 
therefore  produces  chyle. 

Such  are  the  principal  phenomena  of  the  digestion  of  drinks  : we 
see  how  necessary  it  was  to  distinguish  them  from  those  that  be- 
long to  the  digestion  of  the  aliments. 

But  we  do  not  always  digest  the  aliments  and  the  drinks  sepa- 
rately, as  we  have  supposed  ; very  frequently  the  two  digestions 
take  place  at  the  same  time. 

Simultaneous  Drink  favours  the  digestion  of  the  aliments  ; this  effect  is  pro- 

digestion  of  , . * 

thefoodand  bablv  produced  in  various  manners.  Those  that  are  watery, 

the  drinks.  . •' 

soften,  divide,  dissolve  even  certain  foods  ; they  aid  in  this  manner 

their  chymification  and  their  passage  through  the  pylorus. 

Wine  fulfils  analogous  uses,  but  only  for  the  substances  that  it 
is  capable  of  dissolving  ; besides,  it  excites  by  its  contact  the  mu- 
cous membrane  of  the  stomach,  and  causes  a greater  secretion  of 
the  gastric  juice.  Alcohol  acts  much  in  the  same  manner  as 
wine,  only  it  is  more  intense.  It  is  thus  that  those  liquors  which 
are  used  after  meals  are  useful  in  exciting  the  action  of  the  stomach. 

Nourishing  liquids,  such  as  soups,  milk,  &c-  are  often,  when  the 
stomach  is  disordered,  introduced  into  the  large  intestine,  with  the  in- 
tention of  supporting  the  strength,  and  even  of  yielding  nourishment. 
I know  not  any  well  established  fact  which  confirms  the  attainment  of 
this  object  ; but  I see  nothing  which  renders  it  deficient  in  possibili- 
ty : it  would  be  an  interesting  subject  of  experiment.  It  would  be  cu- 
rious to  know  what  becomes  of  a nutrient  liquid,  when  it  is  placed  in 
the  small  intestine.  Of  this,  at  present,  we  are  entirely  ignorant. 

Remarks  upon  the  deglutition  oj atmospheric  air. 

Besides  the  faculty  of  swallowing  food  and  drink,  many  persons 
can,  by  deglutition,  introduce  air  enough  into  their  stomach  to 
distend  it. 

This  faculty  was  long  believed  to  be  very  rare,  and  M.  Gosse, 
of  Geneva,  who  published  a work,  and  instituted  many  curious  ex- 
periments on  the  subject  *,  was  quoted  as  presenting  it  in  a remark- 


* See  Parr’s  London  Medical  Dictionary,  Art.  Digestion. 
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able  degi’ee  ; but  I have  shown,  in  a special  treatise  *,  that  it  is  much 
more  common  than  was  generally  believed.  Of  a hundred  students 
in  medicine,  I have  found  eight  or  ten  that  possessed  it. 

I have  shown,  in  the  same  work,  that  the  persons  who  swallow  Persons  who 

. . . easily  swallow 

air  may  be  divided  into  two  classes  : with  the  one  sort  it  is  an  act  air. 

that  is  very  easy  ; the  other  sort  do  not  succeed  but  with  efforts 

more  or  less  considerable.  When  these  last  wish  to  operate,  they 

must  drive  all  the  air  out  of  their  chest  ; after  which,  filling  the 

mouth  with  air,  so  that  the  cheeks  may  be  a little  distended,  they 

perform  a deglutition  in  making  the  chin  approach  the  breast,  and  Persons  who 
. . . • . 1 • • . 1 swailowair 

removing  it  again  quickly.  Inis  deglutition  may  be  compared  to  withdim- 

that  of  persons  whose  throat  is  inflamed,  and  who  swallow  liquids 

with  difficulty  and  pain. 

With  regard  to  persons  who  cannot  swallow  air,  at  least  without  persons  who 
great  difficulty,  and  they  are  the  greatest  number,  I can  say,  be-  low  air. 
cause  I have  observed  it  on  myself,  and  on  a considerable  num- 
ber of  young  students,  that,  with  a little  practice,  one  may  succeed 
without  much  pain.  For  my  part,  I succeeded  after  attempting  it 
two  or  three  days.  It  is  probable,  that  if  the  deglutition  of  air 
were  found  useful  in  medicine,  the  execution  of  it  would  not  be 
very  long  nor  difficult  for  the  sick  to  acquire. 

In- the  stomach,  the  air  becomes  heated,  rarified,  and  distends  Changes  lhat 

, ...  the  air  uncler- 

tbat  organ,  it  excites,  in  some  persons,  a feeling  of  burning  neat  ; goes  in  the 

. 1.1  • • • • stomach. 

in  others,  it  produces  an  inclination  to  vomit,  or  very  severe  pains. 

Its  chemical  composition  probably  changes  ; but  nothing  certain  is 
known  on  this  point. 

Its  stay  is  of  more  or  less  continuation  ; it  generally  rises  again  Manner  in 

^ , , 1 which  the  air 

by  the  œsophagus,  and  passes  out  by  the  mouth  or  nose  ; at  other  passes  out  of 

/ . i o ’ ^ „thestomach. 

times  It  traverses  the  pylorus,  spreads  through  the  whole  extent  ot 
the  intestinal  canal,  and  escapes  by  the  anus.  In  this  last  case,  it 
distends  the  whole  abdominal  cavity,  and  resembles  the  disease 
called  tympanites. 

I have  observed  that,  in  certain  morbid  affections,  the  sick  swal- 
low involuntarily  considerable  quantities  of  atmospheric  air  with- 
out perceiving  it. 

A friend  of  mine,  a young  physician,  whose  digestion  is  gene. 


Memoir  on  the  Deglutition  of  Air,  read  before  the  Institute,  1815.  a 
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Voluntary 

eructation. 


Of  involun- 
tary regurgi- 
tation. 


rally  difficult,  renders  it  less  painful  by  swallowing,  at  several  times, 
two  or  three  gulps  of  air. 

Remarks  upon  eructation,  regurgitation,  vomiting,  ^c. 

We  have  seen  how  the  contraction  of  the  œsophagus  prevents 
the  matters  contained  in  the  stomach,  and  pressed  hy  the  sides  of 
the  abdomen,  from  retui  ning  again  through  that  canal  : This  return 
takes  place  sometimes  in  consequence  of  gases  or  aliments  making 
their  way  into  the  œsophagus,  and  of  the  sides  of  the  abdomen 
participating  more  or  less  in  the  action.  This  sort  of  reflux  is  de- 
signated by  the  words,  eructation,  belching,  regurgitation,  vomit- 
ing, ?)'C. 

The  return  of  substances,  that  the  stomach  contains,  does  not 
take  place  with  equal  facility.  The  gases  quit  it  with  more  faci- 
lity than  the  liquids,  and  these  more  easily  than  solid  food.  • Ge- 
nerally the  more  the  stomach  is  distended,  the  more  easy  is  this 
anti-deglutition. 

When  this  viscus  contains  gases,  they  necessarily  occupy  the 
upper  part  of  it  ; they  are  consequently  always  close  to  the  cardiac 
opening  of  the  œsophagus.  Little  as  this  opening  is  relaxed,  they 
penetrate  into  it  ; and  as  they  are  more  or  less  compressed  in  the 
stomach,  if  they  are  not  repelled  by  the  contraction  of  the  œsopha- 
gus, they  very  soon  arrive  in  the  upper  part,  and  escape  into  the 
pharynx,  causing  a vibration  of  the  sides  of  the  opening  of  that 
cavity  : this  is  called  eructation.  Probably  the  œsophagus,  by  a 
motion  opposite  to  that  which  it  performs  in  deglutition,  becomes 
partly  the  cause  of  the  escape  of  the  gases  by  the  pharynx. 

When  the  gas  that  passes  from  the  stomach  is  accompanied  by 
a certain  quantity  of  vapour,  or  liquid,  the  eructation  takes  the 
name  of  belching. 

In  order  that  eructation  take  place,  it  is  not  necessary  that  the 
gases  come  directly  from  the  stomach  ; persons  who  possess  the 
faculty  of  swallowing  air,  after  having  made  it  pass  the  pharynx, 
can  let  it  ascend  again  into  that  cavity.  By  this  means  voluntary 
eructation  may  take  place  ; in  ordinary  cases  it  is  not  subject  to 
the  will. 

If,  in  place  of  gases,  small  quantities  of  solid  aliments,  or  li- 
quids, rise  from  the  stomach  into  the  mouth,  this  phenomenon  is 
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called  regurgitation.  It  often  happens  with  children,  whose  sto-  Regurgitation 
machs  are  habitually  distended  with  great  quantities  of  milk  ; wdth  mach  is  too 
those  who  have  swallowed  an  abundance  of  food  or  drink,  particu- 
larly if  the  stomach  is  strongly  compressed  by  the  contraction  of 
the  abdominal  muscles  : for  example,  when  strong  efforts  are  made 
to  go  to  stool. 

Though  the  distention  of  the  stomach  may  be  favourable  to  re-  Regurgitation 

^ ° ^ when  the  sto- 

gurgitation,  it  happens  also  when  the  stomach  is  wholly  or  nearly 
empty  : thus  it  is  not  rare  to  meet  with  individuals,  who,  in  the 
morning,  throw  up  a gulp  or  two  of  gastric  juice,  mixed  with  bile. 

This  phenomenon  is  often  preceded  by  eructations  occasioned  by 
the  gases  that  the  stomach  contained. 

When  this  viscus  is  very  full,  it  is  not  probable  that  its  contrac- 
tion has  any  effect  upon  the  passage  of  the  matters  into  the  œso- 
phagus  ; the  pressure  exerted  by  the  sides  of  the  abdomen  must 
be  the  principal  cause  of  it. 

But  when  the  stomach  is  nearly  empty,  the  motion  of  the  pylo- 
rus probably  occasions  the  fluids  to  enter  the  œsophagus.  This  is 
so  much  the  more  probable,  as  the  liquids  then  thrown  up  are  al- 
ways more  or  less  mixed  with  bile,  that  cannot  easily  arrive  in  the 
stomach  without  a contractile  motion  of  the  duodenum,  and  the 
pyloric  portion  of  the  stomach.  It  is  understood  that  the  œsopha- 
gus contracts  with  more  energy  when  the  stomach  is  empty. 

Regurgitation  is  involuntary  in  most  individuals,  and  takes  Voluntary  re- 
place only  in  particular  circumstances  ; but  there  are  persons  who 
can  produce  it  when  they  choose,  and  who,  by  this  means,  get  rid 
of  the  solid  or  liquid  matters  contained  in  the  stomach.  Observing 
them  at  the  instant  in  which  they  execute  this  regurgitation,  we  see 
that  they,  first,  by  an  inspiration,  lower  the  diaphragm  ; they  after- 
wards contract  the  abdominal  muscles,  so  as  to  compress  the  stomach; 
they  sometimes  aid  their  action  by  pressing  the  epigastric  region  for- 
cibly with  their  hands  ; they  remain  immovable  an  instant,  and  all 
at  once  the  liquid,  or  aliment,  enters  the  mouth.  We  may  pre- 
sume that  the  time  in  which  they  remain  motionless,  expecting  the 
appearance  of  the  matters  in  the  mouth,  is  partly  employed  in  de- 
termining the  relaxation  of  the  œsophagus,  in  order  that  the  matters 
contained  in  the  stomach  may  be  introduced  into  it.  If,  in  this  case, 
the  contraction  of  the  stomach  contributes  to  produce  the  expulsion 

of  the  matter  contained,  it  is  probably  but  in  a very  accessory  manner. 
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This  voluntary  regurgitation  is  the  phenomenon  presented  by 
those  persons  who  are  believed  to  vomit  at  ‘will. 

There  are  certain  persons  who,  after  a meal,  take  pleasure  in 
bringing  up  their  food  into  the  mouth,  chewing  it  a second  time, 
and  then  swallowing  it  afterwards  : in  a word,  they  present  a real 
rumination,  like  certain  herbivorous  animals. 

Of  vomiting.  Vomiting  is  no  doubt  nearly  allied  to  the  phenomenon  that  we 
have  examined,  because  the  effect  of  it  is  to  expel,  by  the  mouth, 
matters  contained  in  the  stomach  ; but  it  differs  from  it  in  many 
important  respects  ; amongst  others,  in  that  particular  feeling  that 
announces  it,  the  efforts  by  which  it  is  accompanied,  and  the 
fatigue  by  which  it  is  always  followed. 

That  internal  sensation  which  announces  the  necessity  of  vomit- 
ing is  called  nausea  ; it  consists  of  a general  uneasiness,  with  a 
feeling  of  dizziness  in  the  head  or  in  the  epigastric  region  : the 
lower  lip  trembles,  and  the  saliva  flows  in  abundance.  Instantly, 
and  involuntarily,  convulsive  contractions  of  the  abdominal  muscles, 
and  at  the  same  time,  of  the  diaphragm,  succeed  to  this  state  ; the 
first  are  not  very  intense,  but  those  that  follow  are  more  so  ; they 
at  last  become  such,  that  the  matters  contained  in  the  stomach 
surmount  the  resistance  of  the  cardia,  and  are  thus  darted,  as  it 
were,  into  the  œsophagus  and  mouth  ; the  same  effect  is  produced 
many  times  in  succession  ; it  ceases  for  a time,  and  begins  again 
after  some  interval.  In  animals,  I have  observed  that  they  swal- 
low, in  the  efforts  of  vomiting,  considerable  quantities  of  air  : this 
air  appears  intended  to  favour  the  pressure  exerted  by  the  abdo- 
minal muscles  upon  the  stomach.  The  same  phenomenon  pro- 
bably takes  place  in  man. 

At  the  instant  that  the  matters  driven  from  the  stomach  traverse 
the  pharynx  and  mouth,  the  glottis  shuts,  the  velum  of  the  palate 
rises,  and  becomes  horizontal,  as  in  deglutition  ; nevertheless, 
every  time  that  one  vomits,  a certain  quantity  of  liquid  is  intro- 
duced either  into  the  larynx,  or  the  nasal  canals. 

Influence  of  Vomiting  was  long  believed  to  depend  upon  the  rapid  convul- 
muscira°upon'  Contraction  of  the  stomach  ; but  I have  shewn,  by  a series  of 
vomiting.  experiments,  that,  in  this  process,  this  viscus  is  nearly  passive  ; and 
that  the  true  agents  of  vomiting  are,  on  the  one  hand,  the  diaphragm, 
and,  on  the  othei’,  the  large  abdominal  muscles  ; I have  even  sue- 
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ceeded  in  producing  it, 
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for  the  stomach,  in  a 
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dog,  the  bladder  of  a pig,  which  I afterwards  filled  with  a coloured 
liquid  *. 

In  the  ordinary  state,  the  diaphragm  and  the  muscles  of  the  ab- 
domen co-operate  in  vomiting  ; but  each  of  them  can,  nevertheless, 
produce  it  separately.  Thus,  an  animal  still  vomits,  though  the 
diaphragm  has  been  rendered  immovable  by  cutting  the  diaphrag- 
matic nerves  ; it  vomits  in  the  same  manner,  though  the  whole  ad- 
dominal  muscles  have  been  taken  away  by  the  knife,  with  the  pre- 
caution of  leaving  the  linea  alba  and  the  peritoneum  untouched. 

■ I never  have  seen  the  stomach  contract  in  the  instant  of  vomit- 
ing ; we  may  conceive,  however,  that  the  motion  of  the  pylorus 
may  probably  take  place  at  this  instant.  This  circumstance  pre- 
sented itself  twice  to  Haller,  and  made  that  illustrious  physiologist 
conclude,  that  the  contraction  of  the  stomach  was  the  essential 
cause  of  vomiting. 

Modifications  of  digestion  hy  age. 

Most  authors  represent  the  digestive  organs  as  inactive  in  the 
fetus,  and  as  having,  at  the  period  of  birth,  a development  propor- 
tional, considerable,  and  necessary,  they  say,  in  order  to  furnish  the 
necessary  materials  to  the  nutrition  and  growth  of  the  body. 

If  we  understand  by  inactive,  that  the  digestive  organs  of  the 
fetus  do  not  act  upon  aliments,  no  doubt  this  is  true  ; but  if,  by 
this  word  absolute  inaction  is  understood,  I think  it  is  wrong  ; for 
it  is  very  probable,  that,  even  in  the  fetus,  there  passes  in  the  di- 
gestive organs  something  very  like  digestion.  We  shall  have  oc- 
casion to  prove  this  in  the  history  of  the  functions  of  the  fetus. 

The  same  obtains  with  regard  to  the  development  of  the  diges- 
tive system  at  the  period  of  death.  • 

If  we  understand  only  the  organs  contained  in  the  abdomen, 
they  are  indeed  proportionally  more  voluminous  than  at  a more  ad- 
vanced age  ; but  if  we  mean  collectively  the  whole  digestive  appa- 
ratus, the  assertion  will  be  erroneous  ; for  the  organs  of  the  pre- 
hension and  mastication  of  food,  and  those  of  the  excretion  of  the 
feces,  are  at  the  period  of  birth,  and  even  long  after,  far  from  the 

• See  these  details,  and  the  Report  of  the  Commissaries  of  tlie  Institute, 
and  my  memoir  on  vomiting,  1813.  See  also  an  interesting  memoir  of  M. 
Piedagnel,  Journ.  Phy.  i.  250. 3 ^ 
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development  that  they  acquire  with  the  progress  of  age.  Let  us 
not  suppose  that  the  energy  of  the  abdominal  organs  makes  up  for 
tlie  weakness  of  those  just  mentioned  : far  from  that  ; a very  de- 
licate and  select  food,  of  easy  digestion,  is  necessary  for  the  in- 
fant after  birth  : that  which  suits  it  above  all  others  is  the  milk  of 
its  mother;  when  it  is  deprived  of  this,  we  know  with  what  diffi- 
culty a proper  substitute  can  be  found  for  it.  In  place  of  con- 
sidering, then,  the  digestive  organs  of  a new  born  child,  or  even  of 
one  very  young,  as  being  endowed  with  a surplus  of  force,  they 
ought  to  be  considered  as  much  weaker  than  they  are  afterwards. 

If,  comparatively  speaking,  the  digestive  apparatus  of  the  child 
is  not  so  well  disposed  as  that  of  the  adult,  it  is  perfectly  well  com- 
bined for  the  sort  of  action  it  has  to  fulfil. 

Suction  is  the  mode  of  prehension  proper  to  children  : the  parts 
by  which  it  is  performed  have  a considerable  development.  The 
tongue  is  very  large  compared  to  the  size  of  the  body.  The  want 
of  teeth  gives  a facility  to  the  prolongation  of  the  lips  forwards, 
in  order  to  embrace  the  nipple,  from  which  the  milk  is  extracted, 
more  exactly  than  could  be  done  by  those  of  the  adult. 

During  the  first  year,  the  child  has  no  masticating  organs.  The 
jaws  are  very  small  and  unprovided  with  teeth  ; the  lower  one  is 
not  curved,  and  presents  no  angle,  like  that  of  the  adult  ; the  ele- 
vating muscles,  the  principal  agents  of  mastication,  are  very 
obliquely  inserted.  A hard  cushion,  formed  by  the  tissue  of  the 
gums,  is  in  lieu  of  teeth. 

About  the  end  of  the  first  year,  and  during  the  second,  the  first, 
or  milk  teeth,  arise  and  furnish  the  jaws.  Their  appearance  takes 
place  regularly  in  pairs  ; at  first,  the  two  middle  inferior  incisors 
make  their  appearance,  then  the  siiperior,  afterwards  the  lateral  in- 
ferior incisors,  very  soon  afterwards  the  superior  ; and  in  the  same 
successive  order,  the  eye-teeth  and  the  small  grinders  ; frequently 
the  latter  come  first.  These  last  frequently  do  not  come  out  un- 
til the  third  year.  At  the  age  of  four  years,  four  new  teeth  are 
seen  : these  are  the  first  large  grinders  : they  complete  the  num- 
ber of  twenty-four  teeth,  which  the  child  preserves  to  seven  years. 
The  irruption  of  the  second  set  then  takes  place.  The  milk 
teeth  generally  fall  out  in  the  same  order  in  which  they  appeared 
in  the  jaws  ; they  are  successively  replaced  by  the  teeth  that  are 
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intended  to  remain  during  life.  At  this  period  four  more  large 
grinders  come  out.  When  these  have  appeared,  there  are  al- 
together twenty-eight  teeth.  Lastly,  about  twenty  or  twenty-five 
years,  sometimes  later,  the  last  four  grinders,  or  tvisdo7n  teeth, 
come  out,  and  then  the  number,  which  is  thirty-two,  is  com- 
plete. 

This  renewal  of  the  teeth  at  seven  years  is  rendered  necessary 
by  the  increase  of  the  jaw.  The  milk  teeth  become  proportion- 
ably  too  small  ; those  that  follow  are  larger  and  more  solid.  Their 
roots  are  longer  and  more  numerous  ; they  are  firmer  in  the  sock- 
ets : these  are  conditions  very  favourable  to  the  fulfilment  of 
their  functions. 

The  laws  change  their  form  while  they  augment  in  size  ; the  change^of 

® - ,,  •i*ii  inferior 

inferior  one  becomes  bent,  its  branches  become  vertical,  its  body  jaw. 

takes  a horizontal  direction,  and  the  angle  that  unites  them  be- 
comes marked. 

The  teeth  are  quite  new'  instruments  at  the  time  they  spring  changes  of 
from  the  maxillary  bones.  The  incisoi-s  have  a cutting  edge,  the 
eye-teeth  a sharp  point,  the  grinders  present,  on  their  horizontal  sur- 
face, several  erect  conical  asperities  ; but  these  advantageous  dis- 
positions diminish  with  age.  The  teeth  always  rubbing  on  each 
other  in  the  motions  of  mastication,  or  being  in  contact  with  hard 
bodies,  they  wear  and  lose  their  form  by  degrees.  We  may  thus 
judge  of  the  age  of  a man  by  his  teeth,  which  can  be  done  to  a 
certain  degree  of  accuracy  ; but  the  teeth  have  so  rarely  a per- 
fectly regular  structure,  and  an  equal  degree  of  hardness,  that  we 
can  arrive  only  at  an  approximation  by  this  means.  The  wearing 
of  the  teeth  is  generally  shown  first  in  the  inferior  incisors  : it  is  af- 
terw'ards  shown  in  the  grinders,  and  it  makes  its  appearance  much 
later  in  the  teeth  of  the  upper  jaw. 

But  the  wearing  of  the  teeth  is  not  the  most  unfavourable 
change  produced  by  age  ; in  the  earliest  part  of  confii-med  old  age 
they  are  thrust  out  of  their  sockets  by  the  progress  of  the  ossi- 
fication of  the  jaws  ; they  become  loose,  and  afterwards  fall  out. 

The  manner  in  which  this  takes  place  is  not  at  all  regular  like  the 
growth  of  the  teeth  ; in  this  respect  there  are  many  individual  dif- 
ferences. 

Those  who  do  not  lose  their  teeth  at  the  period  I have  men-  * 
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organsof  tioned,  ought  to  consider  themselves  favoured,  for  the  teeth 
the  aged.  come  out  much  sooner  sometimes;  at  other  times  by  blows 
or  falls,  that  tear  them  out  ; sometimes  by  the  contact  of  the  air, 
or  of  substances  that  are  habitually  introduced  into  the  mouth  : 
their  tissue  then  changes,  they  present  spots,  become  soft,  change 
colour,  and  at  last  fall  to  pieces.  These  chemical  changes  are 
very  improperly  called  diseases  of  the  teeth,  because  they  happen 
also  to  artificial  teeth.  After  the  teeth  are  all  out,  the  gums 
harden,  the  openings  that  they  presented  close,  the  sides  of  the 
socket  become  thin  and  cutting,  and  this  new  form  partly  sup- 
plies the  want  of  the  teeth. 

Such  are  the  modifications  produced  by  the  progress  of  age 
upon  the  organs  of  mastication  ; those  that  happen  to  the 
other  digestive  organs  are  not  sufficiently  important  to  be  men- 
tioned. 

We  shall  finish  this  article  by  remarking,  that  many  voluntary 
muscles  contribute  to  digestion,  and  undergo  by  age  the  same 
changes  that  we  have  mentioned  in  treating  of  the  modifica- 
tions that  the  organs  of  muscular  contraction  experience  from  this 
cause. 

ModiBcation  Our  knowledge  is  very  limited  with  regard  to  the  mftdifications 
^e.'ge*t‘on’’y that  digestion  suffers  in  different  ages:  what  we  know  of  it  re- 
lates more  especially  to  the  manner  of  taking  in  the  food,  its 
mastication,  and  the  excretion  of  the  fecal  matters  : probably  tbe 
changes  that  the  abdominal  digestive  organs  undergo  are  nearly 
unknown. 

Plunger  appears  to  be  very  acute  in  children,  and  not  subject 
to  periodic  returns,  as  in  the  adult  ; it  commences  again  at  such 
brief  intervals,  that  it  seems  a continuation  : it  is  at  least  certain, 
that  it  takes  place,  though  the  stomach  is  far  from  being  empty. 
Suction  is  the  mode  of  taking  food  which  is  proper  to  children  ; 
they  execute  it  so  much  the  more  easily,  as  the  lips  and  the 
tongue  are  more  grown.  This  action  appears  in  them  entirely 
instinctive,  at  least  for  the  first  months.  All  mastication  is  ’ im- 
possible until  the  appearance  of  the  teeth,  and  also  during  a part 
Mastication  teething  Continues.  If  the  child  compresses 

in  children,  the  substances  introduced  into  the  mouth,  it  is  rather  to  extract 
the  juice  that  they  contain,  and  to  favour  their  solution,  than  to 
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chew  tliem.  We  presume  that  the  abundance  of  saliva  which 
characterises  children,  may,  to  a certain  degree,  be  a substitute  for 
mastication. 

We  must  pass  to  the  excretion  of  the  feces,  in  order  to  have 
something  positive  upon  the  digestion  of  very  young  children, 
compared  to  that  of  man  ; we  see  that  this  excretion  takes  place 
frequently  ; that  the  excrements  are  almost  liquid,  and  of  a yel- 
lowish colour  ; have  not  that  odour  which  they  will  have  when 
the  child  shall  begin  to  use  other  sorts  of  food  than  milk  ; perhaps 
at  this  age  the  abdominal  muscles  would  not  have  sufficient  energy 
to  expel  solid  excremental  matters. 

The  incisors,  and  even  the  eye-teeth,  afford  but  a very  weak 
mastication  to  the  child  ; the  grinders  must  have  come  out  to  give 
sufficient  force  to  this  action,  and  even  then  it  is  capable  of  but 
little  exertion  upon  hard  substances  ; for  the  elevating  muscles  of 
the  inferior  jaw  are  too  weak,  and  they  are  inserted  into  it  too 
obliquely,  for  substances  of  a certain  hardness  to  be  broken  by  the 
teethi 

Mastication  does  not  acquire  all  the  perfection  of  which  it  is 
susceptible,  until  after  the  second  teething,  when  the  angle  of  the 
jaw  is  well  formed.  Excepting  the  modifications  occasioned  by 
the  wearing,  or  accidental  loss  of  the  teeth,  mastication  continues 
in  this  state  until  old  age,  a period  at  which  it  constantly  changes, 
sometimes  because  the  teeth  are  worn,  or  partly  lost  ; sometimes 
by  their  being  all  lost,  there  remain  only  the  edges  of  the  sockets 
for  chewing. 

To  these  causes  that  render  mastication  difficult  in  old  age,  are  Mastication 
added,  1 st,  the  too  great  extent  of  the  lips,  which,  as  soon  as  the  “ people, 
incisors  have  come  out,  have  too  great  a length  to  go  from  one  jaw 
to  the  other,  and  which,  touching  on  the  internal  surface,  instead 
of  the  edges,  can  no  longer  retain  the  saliva  ; 2d,  the  diminution 
of  the  angle  of  the  jaw,  which  in  this  respect  becomes  like  that 
of  children,  and  the  curvature  of  the  body  of  this  bone,  which 
forces  the  aged  to  chew  with  the  middle  and  anterior  part  of  the 
edge  of  the  sockets,  the  only  place  where  these  edges  meet  ; 3d, 
the  want  of  the  teeth  causes  the  necessity  of- chewing  with  the 
lips  in  contact  ; this  gives  a particular  character  to  mastication  at 
that  age,  called  mumping  or  mumbling. 

T 2 
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Excretion  of 
feces  in  old 
age. 


The  action  of  the  muscles  that  contribute  to  digestion,  undergo 
the  same  changes  that  we  have  mentioned  in  speaking  of  influence 
of  age  upon  muscular  contraction. 

These  muscles,  at  first  weak  in  the  child,  more  vigorous  and 
active  in  youth  and  adult  age,  diminish  in  energy  in  advanced  life, 
and  become  very  weak  in  extreme  old  age.  The  digestive  actions 
which  depend  on  muscular  contraction,  go  through  the  same  de- 
grees, as  may  be  easily  ascertained  by  examining  the  manner  in 
which  the  prehension  of  aliments,  mastication,  and  the  excretion 
of  feces  are  executed  at  different  periods  of  life. 

On  account  of  the  extreme  weakness  of  the  muscles  in  certain 
old  people  who  are  continually  costive,  it  may  become  impossible 
to  expel  the  excrements,  which  are  sometimes  accumulated  in  very 
great  quantity,  in  the  large  intestine.  In  this  case,  recourse  must 
be  had  to  a surgical  operation,  in  order  to  get  rid  of  them. 

We  have  only  some  very  general  data  respecting  the  modifica- 
tions that  the  action  of  the  stomach  and  that  of  the  intestines  un- 
dergo in  different  ages  : they  appear  more  rapid  and  easy  during 
the  time  of  growth  ; they  afterwards  seem  to  become  more  slow  : 
but,  of  all  the  vital  actions,  perhaps,  they  preserve  the  longest,  and 
even  to  the  last  moments  of  life,  a great  activity. 

W^c  shall  not  enter  into  any  detail  with  regard  to  the  modifica- 
tions occasioned  by  sex,  climate,  habit,  temperament,  and  indivi- 
dual disposition.  This  sort  of  consideration  is,  no  doubt,  very  in- 
teresting ; but,  as  it  relates  more  particularly  to  Hygieine,  we  will 
merely  notice  that,  in  many  respects,  there  are  almost  as  many 
different  manners  of  digestion  as  there  are  individuals,  and  that,  in 
the  same  person,  the  digestion  frequently  suffers  many  daily  changes, 
to  such  a degree,  that  one  will  digest  very  easily  to-day  a substance 
that  could  not  have  been  digested  yesterday. 

Relations  of  digestion  ‘with  the  functions  of  relation. 

A function  so  important  as  digestion,  and  to  which  such  a great 
variety  of  different  organs  contribute,  ought  to  be  very  intimately 
connected  with  the  other  functions,  and  particularly  with  those  of 
relation.  This  connection  indeed  exists  ; it  is  so  very  intimate, 
that,  in  most  animals,  the  knowledge  of  one  or  several  of  the  or- 
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gans  of  external  life,  informs  us  of  the  disposition  of  the  digestive 
organs  ; and  reciprocally,  the  inspection  of  a part  of  the  digestive 
apparatus  enables  us  to  know  the  disposition  of  the  organs  of  sense 
and  motion. 

The  senses  inform  us  of  the  presence  of  the  aliments,  enable  us  Relation  of 

. ‘ . 1 • 1 • 1 t^ig^stion  wit 

to  seize  them,  to  know  tkeir  chemical  and  physical  properties,  and  the  senses- 
their  useful  or  bad  qualities  ; and  as  it  is  particularly  under  this 
last  relation  that  it  is  most  necessary  for  us  to  appreciate  our  food, 
the  smell  and  the  taste,  to  which  this  examination  is  subjected,  are 
considered  to  have  more  intimate  relations  with  digestion  than  the 
other  senses.  Some  authors  have  classed  them  with  the  digestive 
actions. 

Sometimes  the  aspect,  or  odour,  of  food  excites  the  appetite, 
and  disposes  favourably  the  apparatus  of  digestion  ; but  the  same 
cause  may  produce  a contrary  effect,  that  is,  it  may  suppress  hun- 
ger, and  even  occasion  a feeling  of  disgust. 

A moderate  appetite  generally  gives  more  delicacy  and  activity  influence  of 

* ^ ^ ° ° ^ digestion  on 

to  the  senses  ; but  if  hunger  is  continued,  we  have  seen  above  that  the  senses, 
the  senses  lose  their  action,  and  no  longer  are  able  to  transmit 
exact  impressions.  During  the  operation  of  chymification  they 
have  less  activity,  particularly  if  the  stomach  is  distended  by  a 
gi’eat  quantity  of  food. 

The  relations  of  muscular  contraction  with  the  digestion  are  not  Relations  of 

. ° digestion  with 

less  evident.  We  have  seen  how  useful  the  action  of  the  muscles  muscular  con- 

. . 1 • CCI.  ..  traction. 

IS  in  the  prehension  or  food,  m mastication,  deglutition,  and  in  the 
excretion  of  the  fecal  matters;  these  motions  enable  us  to  procure 
food  ; they  excite  the  appetite,  and,  when  they  are  often  repeated, 
they  require  a greater  quantity  of  nourishment.  They  are,  in  their 
tura,  influenced  by  the  digestive  phenomena  ; hunger  renders  them 
priore  weak  and  difficult  ; and  when  the  stomach  is  full  of  food, 
particularly  in  hot  countries,  and  in  people  of  delicate  health, 
there  is  an  inclination  to  repose,  and  an  almost  impossibility  to 
move  ; but  in  cold  countries,  and  in  robust  people,  the  presence 
of  food  in  the  stomach  is,  on  the  contrary,  the  cause  of  an  increase 
of  force  and  agility. 

The  difficulty  of  speaking,  and  particularly  of  singing,  after  a 
copious  meal,  is  easily  explained  ; the  volume  of  the  stomach  pre- 
vents the  introduction  of  air  into  the  chest,  and  the  motions  of 
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tlie  diaphragm,  and  thus  presents  an  obstacle  to  the  production  of 
voice. 

Relations  of  The  functions  of  the  brain,  and  those  of  digestion,  are  pecu- 

digestion  with  ^ • ï • «ii* 

the  cerebral  liarly  intimate.  In  certain  cases,  liunger  gives  a particular  direc- 
tion to  the  ideas,  it  directs  them  towards  food  ; in  other  cases,  a 
strong  agitation  of  mind,  violent  grief,  sudden  fear,  make  hun- 
ger cease  for  several  days,  and  even  render  digestion  impossible, 
to  such  a degree,  that  the  food  previously  introduced  into  the  sto- 
mach undergoes  no  change.  How  often  do  we  see  persons  in 
whom  sorrowful  affections  have  destroyed  the  digestive  faculties  ! 
Moral  satisfaction,  cheerfulness,  and  mirth,  on  the  contrary,  favour 
digestion  : great  eaters  are  seldom  accessible  to  sorrow. 

Who  has  not  remarked  the  influence  of  digestion  upon  the 
state  of  the  mind  ? How  many  people  are  incapable  of  appli- 
cation during  digestion  ? Who  knows  not  the  marked  effect  which 
the  accumulation  of  the  fecal  matter  exerts  upon  the  moral  dispo- 
sition ? 

Influence  of  1*1  ^ purely  physical  point  of  view,  it  has  been  pretended  that 

spina[marrow  digestion  is  under  the  immediate  influence  of  the  brain,  and  that 
if  the  hemispheres  are  removed,  this  process  becomes  entirely 
abolished.  I have  never  seen  this  phenomenon  take  place  ; on 
the  contrary,  1 have  seen  digestion  continue  in  animals  from  which 
I have  removed  the  brain  almost  entirely-  Ducks  from  which 
I subtracted  the  brain,  and  a great  part  of  the  cerebellum,  sur- 
vived eight  or  ten  days,  and  their  digestion  went  on  very  well. 
But  they  had  lost  the  instinct  of  seeking  for  food,  and  several  even 
had  lost  that  which  accomplishes  deglutition  : I was  obliged  to  make 
them  swallow  artificially.  Wounds  of  the  medula  oblongata,  and 
of  the  spinal  marrow,  injure  deglutition  much  more  than  digestion  : 
but  as  they  impair  the  respiration  and  circulation,  it  is  scarcely 
probable  that  they  directly  influence  digestion  ; but  act,  on  the 
contrary,  in  an  indirect  manner,  through  the  medium  of  the  great 
functions  indispensable  to  life. 

Injlne^ice  of  great  sympathetic  on  digestion. 

Influence  of  That  mysterious  organ,  which  anatomists  name  the  great  sym- 

theiicon^’i-  pathetic  nerve,  has  its  principal  ganglion  and  plexus  behind  the 
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stomach  and  intestines  ; a great  number  of  its  filaments  pass  to  the 
digestive  organs  ; it  is  probable,  therefore,  that  digestion  is  in- 
fluenced by  the  gi-eat  sympathetic  : but  physiologists  have  not 
hitherto  come  at  all  into  the  track  of  that  species  of  action,  which 
this  organ  exercises  upon  the  digestive  function.  Suppositions, 
hypotheses,  opinions,  are  all  that  their  works  hitherto  present  upon 
a question  the  most  interesting  of  all  physiology  *. 

I have  myself  attempted  some  experiments  to  ascertain  if  the  Experiments 
filaments  of  the  great  sympathetic  give  sensibility  to  the  stomach,  "ympathe^o*^ 
I divided  the  two  nerves  of  the  eighth  pair  (right  and  left  pars  vaga) 
in  an  animal,  above  the  diaphragm  ; then  I made  him  swallow  some 
grains  of  tartar  emetic,  and  a little  time  after  vomiting  took  place. 

The  phenomenon  did  not  depend  on  absorption;  for  there  elapsed 
scarcely  five  minutes  between  its  development  and  the  introduction 
of  the  emetic  into  the  stomach.  It  seems  probable,  that,  in  this 
case,  the  great  sympathetic  transmitted  to  the  brain  the  impres- 
sion produced  by  the  antimonial  salt,  upon  the  mucous  membrane 
of  the  stomach.  m 

The  intestines  are  sometimes,  especially  in  the  state  of  disease,  o 
an  exquisite  sensibility,  and  often  occasion  the  most  excruciating 
torture.  As  they  receive  sca”cely  any  cerebral  nerves,  it  is  veiy  pro- 
bable that  they  owe  their  sensibility 'to  the  filaments  of  the  great  sym- 
pathetic; although  hitherto  no  direct  experiment  confirms  this 
opinion. 

OF  THE  ABSORPTION  AND  COURSE  OF  THE  CHYLE. 

The  digestive  organs  would  in  vain  form  chyle,  were  it  to  re- 
main in  the  intestinal  canal  ; for  in  this  case  there  would  be  no 
nutrition.  The  chyle  must  be  transported  from  the  small  intes- 


“ I should  willingly  have  made  an  honom-able  exception  of  the  magnifi- 
cent work  of  Lobstein,  lately  published  ; but  the  merit  of  that  important 
production  stops  short  at  the  anatomical  part.  Physiology  is  in  it  confined 
to  a collection  of  opinions  upon  what  can  only  be  understood  from  facts  and 
experiments.  (See  De  rtervi  sympathetici  humani fabrica,  usu,  el  morhis,  auc- 
tore  J.  P.  Lobstein,  Par.  1823.) 
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tine  into  the  venous  system  ; this  transportation  is  the  principal 
end  of  the  functions  we  are  going  to  examine.  The  manner  in 
which  it  takes  place  will  be  considered  below  at  p.  300. 

To  preserve  as  much  as  possible  the  method  we  have  hitherto 
followed  in  the  explanation  of  the  functions,  we  shall  first  speak  of 
the  chyle  in  a general  manner. 


Of  the  chyle. 


of  the  chyle. 


Of  the  chyle 
contained  in 
the  small  in- 
testines. 


Chyle  con- 
tained in  the 
lacteal  vessels. 


Manner  of 
procuring 
chyle. 


The  chyle  may  be  studied  under  two  different  forms  : 1st,  when 
it  is  mixed  with  chyme  in  the  small  intestine,  and  has  the  charac- 
ters we  have  described  in  speaking  of  the  phenomena  of  its  forma- 
tion ; 2d,  under  the  liquid  form,  circulating  in  the  chyliferous  ves- 
sels and  the  thoracic  duct. 

No  author  having  particularly  engaged  his  attention  in  the  exa- 
mination of  the  chyle,  during  its  stay  in  the  small  intestine,  our 
knowledge  on  this  point  is  little  more  than  what  we  delivered  in 
speaking  of  the  action  of  this  intestine  in  digestion;  to  make  up 
for  this,  the  liquid  chyle  contained  in  the  chyliferous  vessels  has 
been  examined  with  great  care. 

In  order  to  procure  it,  the  best  manner  consists  in  giving  food 
to  an  animal,  and,  when  the  digestion  is  supposed  to  be  in  full  ac- 
tivity, to  strangle  it,  or  cut  the  spinal  marrow  behind  the  occipital 
bone.  The  whole  length  of  the  breast  is  cut  open  ; the  hand  is 
thrust  in  so  as  to  pass  a ligature  which  enibraces  the  aorta,  the 
œsophagus,  and  the  thoracic  duct,  the  nearest  to  the  neck  possible  ; 
the  ribs  of  the  left  side  are  then  twisted  or  broken,  and  the  thora- 
cic duct  is  seen  closely  adhering  to  the  œsophagus.  The  upper 
part  is  detached  and  carefully  wiped  to  absorb  the  blood  ; it  is  cut, 
and  the  chyle  flows  into  the  vessel  intended  to  receive  it. 

If  we  are  content  with  this  method,  we  obtain  only  a very  li- 
mited quantity  ; but  by  compressing  at  intervals  the  intestinal  mass, 
and  the  abdominal  chyliferous  system,  the  flow  of  it  may  be  made 
to  continue  for  a quarter  of  an  hour. 

The  ancients  were  acquainted  with  the  existence  of  the  chyle, 
but  their  ideas  of  it  were  very  inexact  ; it  was  observed  anew  at  the 
beginning  of  the  seventeenth  century  by  Aselliusand  Pecquet;  and 
being  in  certain  conditions  of  an  opaque  white,  it  was  compared  to 
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milk*  ; the  vessels  that  contained  it  were  even  named  lacteal  vessels, 
— a very  improper  expression,  since  there  is  very  little  other  simi- 
larity between  chyle  and  milk,  except  the  colour. 

It  is  only  in  modern  times,  and  by  the  labours  of  Dupuytren, 
Vauquelin,  Emmert,  Marcet,  and  Prout,  that  positive  notions  con- 
cerning the  chyle  have  been  acquired. 

We  shall  give  the  observations  of  these  learned  men,  with  the 
addition  of  our  own. 

If  the  animal  from  which  the  chyle  is  extracted  has  eaten  ani- 
mal or  vegetable  substances  of  a fatty  nature,  the  liquid  drawn 
from  the  thoracic  duct  is  of  a milky  white,  a little  heavier  than 
distilled  water,  of  a strong  spermatic  odour,  of  a salt  taste,  slightly 
adhering  to  the  tongue,  and  sensibly  alkaline. 

Chyle,  very  soon  after  it  has  passed  out  of  the  vessel  that  con- 
tained it,  becomes  firm,  and  almost  solid  : after  some  time  it  sepa- 
rates into  three  parts  ; the  one  solid  that  remains  at  the  bottom, 
another  liquid  at  the  top,  and  a third  that  forms  a very  thin  layer 
at  the  surface  of  the  liquid.  The  chyle  at  the  same  time  assumes 
a vivid  rose  colour. 

When  the  chyle  proceeds  from  food  that  contains  no  fat  sub- 
stance, it  presents  the  same  sort  of  properties  ; but  instead  of 
being  opaque  white,  it  is  opaline,  and  almost  transparent  ; the 
layer  which  forms  at  the  top  is  less  marked  than  in  the  former 
sort  of  chyle. 

Chyle  never  takes  the  hue  of  the  colouring  substances  mixed  in 
the  food,  as  many  authors  have  pretended.  M.  Hallé  has  proved 
the  contrary  by  direct  experiments  ; I have  lately  repeated  them, 
and  I obtained  results  exactly  the  same. 

Animals  that  I had  caused  to  eat  indigo,  saffron,  and  madder, 
furnished  a.  chyle  whose  colour  had  no  relation  to  that  of  the  sub- 
stances. 


• It  was  rather  so  named  from  lactés  the  small  intestines,  and  from  the 
walls  of  which  the  vessels  originate.  The  term  lactes  itself,  however,  is  be- 
lieved to  have  been  formed  from  the  milky  appearance  of  the  chyle  and 
chyme  frequently  observed  in  the  smaller  intestines  of  the  lamb  and 
kid Tk. 


Chyle  pro- 
ceeding from 
fat  matters. 


Chyle  of  mat- 
ters not  con- 
taining it. 
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New  experiments  have  been  tried  upon  this  subject  by  MM. 
Tiedemann  and  Gmelin  in  Germany,  Andrews  at  Edinburgh, 
Lawrence  and  H.  Coates,  America,  and  the  results  are  every 
where  confirmed. 

Of  the  three  substances  into  which  the  chyle  separates  when 
abandoned  to  itself,  that  of  the  surface,  of  an  opaque  white  colour, 
is  a fatty  body  : the  solid  part  is  formed  of  fibrin  and  a little  co- 
louring matter  ; the  liquid  is  like  the  serum  of  the  blood. 

The  proportion  of  these  three  parts  is  variable  according  to  the 
nature  of  the  food.  There  are  species  of  chyle,  such  as  that  of 
sugar,  which  contain  very  little  fibrin  ; others,  such  as  that  of 
flesh,  contain  more.  The  same  thing  happens  with  the  fat  matter, 
which  is  very  abundant  when  the  food  contains  grease  or  oil,  whilst 
there  is  scarcely  any  seen  when  the  food  is  nearly  deprived  of  fatty 
bodies. 

Prévost  and  Dumas  have  observed  in  the  chyle  of  the  rabbit, 
the  dog,  the  hedgehog,  globules  of  of  an  inch  in  diameter, 

very  similar  to  those  perceived  in  the  blood. 

The  same  salts  that  exist  in  the  blood  are  found  also  in  the 
chyle.  VVe  shall  give  presently  some  other  details  relative  to  this 
fluid. 

Apparatus  of  absorption,  and  of  the  course  of  the  chyle. 

This  apparatus  is  composed,  1st,  of  the  lymphatic  vessels  pro- 
per to  the  small  intestine,  and  from  their  use  named  chyliferous  ; 
2d,  of  the  mesenteric  glands  ; 3d,  of  the  thoracic  duct. 

Chyliferous  The  chyliferous  vessels  are  very  small,  hut  very  numerous. 

V63S0]s«  . ^ . • • • 

They  arise  from  small  imperceptible  orifices  at  the  surface  of  the 
villi  of  the  intestinal  mucous  membrane,  and  continue  to  the 
mesenteric  glands,  into  the  tissue  of  which  they  spread. 

In  the  sides,  and  at  the  surface  of  the  small  intestine,  these 
vessels  are  very  slender  and  numerous  ; they  frequently  commu- 
nicate so  as  to  form  a very  fine  network  ; this  disposition  is  par- 
ticularly visible  when  they  are  filled  with  an  opaque  white  chyle. 
They  enlarge  in  size,  and  diminish  in  number,  as  they  become  more 
distant  from  the  intestine,  and  finish  by  forming  insulated  trunks 
that  proceed  along  with  the  mesenteric  arteries,  and  sometimes  in 
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the  intervals  that  separate  them.  In  this  form  they  arrive  at  the 
mesenteric  glands. 

The  mesenteric  plands  are  small  irregularly  lenticular  bodies,  Mesenteric 

, . . , e I V -1  glantls. 

the  dimensions  of  winch  vary  from  two  to  three  lines  to  an  incli 
or  more.  They  are  very  numerous,  and  placed  before  the  verte- 
bral column,  between  the  two  plates  of  the  peritoneum  which 
form  the  mesentery. 

Their  structure  is  still  but  little  known.  They  receive  many  Fluid  pro- 

1 • 1 , , per  to  the 

bloodvessels  in  proportion  to  their  volume  : they  are  endowed  mesenteric 

with  a vivid  sensibility.  Their  parenchyma  is  of  a pale  rose  co- 
- lour  ; its  consistence  is  not  very  great.  In  compressing  them  be- 
tween the  fingers,  a transparent  fluid  is  expressed,  'which  is  inodo- 
rous, and  has  never  been  examined  chemically.  It  is  particularly 
abundant  in  the  centre  of  those  bodies.  I have  seen  a remarkable 
quantity  in  the  dead  bodies  of  criminals.  The  chyliferous  and 
sanguiferous  vessels  that  go  into  these  bodies  are  reduced  to  canals 
of  an  extreme  tenuity,  without  our  being  able  to  say  how  they  are 
disposèd.  What  is  certain  is,  that  injections  thrown  into  any  of 
them  traverse  the  tissue  of  the  gland  with  the  greatest  facility. 

From  the  mesenteric  glands  spring  a great  number  of  vessels  of  Roots  of  the 

1 7°  7 • ^ 1 ° 11  1 • thoracic  duct. 

the  same  natoe  as  the  chyliferous,  but  generally  more  voluminous  ; 
they  are  the  origins  of  the  thoracic  duct.  They  are  directed  to- 
wards the  vertebral  column,  and  attach  themselves  to  the  aorta, 
the  vena  cava,  &c.  They  frequently  anastomose,  and  all  termi- 
nate in  the  thoracic  duct  *. 

This  name  is  given  to  a vessel  of  the  same  sort  as  the  preced-  of  the  thora- 
ing,  about  the  size  of  an  ordinary  quill,  which  continues  from  its 
commencement  in  the  abdominal  cavity,  to  where  it  terminates  in 
the  left  subclavian  vein.  It  passes  between  the  pillars  of  the  dia- 
phragm at  the  side  of  the  aorta  ; it  is  then  attached  to  the  verte- 
bral column  until  it  is  directed  to  the  left  subclavian  vein.  Some- 
times it  has  been  seen  to  open  into  the  two  subclavian  veins,  and 
at  other  times  only  into  the  right. 


* The  chyliferous  vessels,  previous  to  entering  the  mesenteric  glands,  are 
named  vasa  inferentia,  or  vasa  primi  generis  ; those  which  leave  the  glands 
for  the  thoracic  duct,  and  here  considered  as  the  roots  of  that  trunk,  are 
named  vasa  efferentia,  or  vasa  secundi  generis.  Monro  and  Fyfe,  who  each 
of  them  studied  these  vessels  with  successful  attention,  repute  the  efferentia 
fewer  than  the  inferentia.— -Tr. 
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Stnicture  of 
the  chylife- 
rous  vessels, 
and  of  the 
thoracic  duct. 


Chyle  of  the 
mucus  of  the 
stomach  and 
the  saliva. 


In  the  interior  of  the  thoracic  duct,  and  the  lacteal  vessels, 
there  are  valves  found,  so  disposed  as  to  permit  the  fluid  to  go 
from  the  chyliferous  vessels  towards  the  subclavian  vein,  but 
which  prevent  its  return.  Their  existence  is  not  however  con- 
stant. 

Two  membranes  enter  into  the  composition  of  the  sides  of  the 
chyliferous  vessels,  and  of  the  thoracic  duct  : the  one  internal  and 
delicate,  the  folds  of  which  form  the  valves  ; the  other  external 
and  fibrous,  the  resistance  of  which  is  much  greater  than  its  thin- 
ness seems  to  indicate. 

Before  passing  to  the  exposition  of  the  phenomena  of  absorption, 
and  of  the  course  of  the  chyle,  we  shall  make  some  observations 
upon  the  organs  by  which  they  are  produced. 

After  twelve,  twenty-four,  and  even  thirty-six  hours  of  com- 
plete abstinence,  the  chyliferous  vessels  of  a dog  contain  a small 
quantity  of  a semi-transparent  fluid,  with  a slight  milky  tinge,  and 
which  in  other  respects  presents  properties  similar  to  the  chyle. 
This  fluid,  which  is  found  only  in  the  lacteal  vessels  and  the  tho- 
racic duct,  and  which  has  never  been  analyzed,  appears  to  be  a 
chyle  which  proceeds  from  the  digestion  of  the  saliva,  and  the  mu- 
cus of  the  stomach  ; this  appeal's  the  more  probable,  as  the  causes 
which  accelerate  the  secretion  of  these  fluids,  such  as  alcoholic 
drinks  or  acids,  augment  its  quantity. 

When  the  privation  of  all  nourishment  is  prolonged  beyond 
three  or  four  days,  the  chyliferous  vessels  become  like  the  lym- 
phatic ; they  are  sometimes  filled  with  lymph,  and  sometimes 
empty. 

The  result  of  these  facts  is,  that  the  chyle  of  the  food,  extracted 
from  the  chyliferous  vessels,  is  always  mixed,  sometimes  with  the 
chyle  of  the  digestive  mucus  that  we  have  mentioned,  sometimes 
with  lymph  ; the  result  is  the  same  if  chyle  is  extracted  from  the 
thoracic  duct,  for  this  is  always  filled  with  lymph,  even  after  eight 
days  of  abstinence. 

Thus,  then,  the  matter  which  has  been  examined  by  chemists 
under  the  name  of  chyle,  ought  not  to  be  considered  as  extracted 
entirely  from  alimentary  substances  ; these  evidently  enter  into  it 
only  in  v.  certain  proportion. 
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Absorption  of  chyle. 

Howsoever  it  happens,  the  chyle  most  certainly  passes  fi'om  the  Absorption  of 
cavity  of  the  small  intestine  into  the  chyliferous  vessels.  How  does 
this  passage  take  place  ? At  the  first  view  it  seems  easy  to  explain 
such  a simple  phenomenon  ; but  it  is  not  so.  We  have  seen  above  Mechanism  of 
that  the  disposition  of  the  chyliferous  vessels  is  not  known  ; we  are  of  chyle, 
not  better  informed  respecting  their  mode  of  action  ; many  expla- 
nations have,  however,  been  given  of  it.  Thus  the  absorption  of 
the  chyle  has  been  attributed  to  the  capillary  attraction  of  the  lac- 
teal radicles,  to  the  compression  of  the  chyle  by  the  sides  of  the 
small  intestine,  &c.  Latterly  it  has  been  pretended  that  it  takes 
place  by  virtue  of  the  proper  sensibility  of  the  absorbing  mouths, 
and  of  the  insensible  organic  contractility  that  they  are  supposed 
to  possess.  It  is  diflScult  to  conceive  how  eminent  men  could 
propose  or  admit  such  explanations  : they  appear  to  me  the  ex- 
pression of  the  pure  ignorance  in  which  we  still  are  with  respect 
to  the  nature  of  this  phenomenon*. 


* In  this,  and  the  succeeding  page  (301-2),  M.  Magendie  conjectures  that 
the  globules  of  the  chyle,  because  too  large  for  being  imbibed  by  the  pores  in 
the  tunics  of  the  bloodvessels,  necessarily  enter  the  initial  orifices  of  the 
lymphatics,  which,  like  Lieberkuhn  and  Hewson,  he  describes  as  gaping, 
large,  open,  and  visible  to  the  naked  eye,  in  order  to  receive  it.  He  gives 
up  this  opinion,  however,  at  page  .342,  and  ascribes  the  absorption  of  chyle 
to  the  mesenteric  veins  alone.  But  there  is  no  force,  except  that  named  ca- 
pillary attraction,  which  will  explain  either  the  imbibition  of  our  author,  the 
exosmosis  and  endosmosis  of  Dutrochet;  or,  finally,  the  transmission  of  the 
chyle  along  the  initial  internodiura  of  the  lymphatics,  were  it  certainly  intro- 
duced in  the  manner  supposed.  Capillary  force  differs  nothing  from  the  attrac- 
tion exerted  by  the  walls  of  the  largest  tubes,  or  of  the  most  capacious  cavities  • 
nay,  its  effect  merely  differs  from  theirs,  in  this,  that  the  gravitation  and  co- 
hesion of  the  minute  mass  of  fluid  on  which  it  acts,  are  now  weaker  than 
the  attraction  of  the  walls  of  the  tube  entered.  Ascent,  therefore,  becomes 
inevitable,  but  variable,  no  doubt,  by  the  state  of  vitality,  a faculty  whose 
presence  is  well  known  to  modify  the  attractions  on  which  fermentation, 
putrescence,  transudation,  coagulation,  and  some  others  that  seem  purely 
chemical,  do  evidently  depend.  As  chyle,  therefore,  is  chiefly  taken  up 
during  life,  its  initial  capillary  ascent  must  be  less  energetic  than  that  in  dead 
matter.  But  the  vital  contractions  of  the  succeeding  internodia,  whose 
valves  prohibit  all  regurgitation,  will  abundantly  compensate  for  this  dimi- 
nution : and,  being  once  thus  evacuated,  must  act  as  a sort  of  pump  on  the 
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uon  of  the*  useful  to  add  one  fact,  perliaps,  which  is,  that  absorp- 

chyle  conti-  tion  Continues  a Considerable  time  after  death.  After  havinar  se- 

nues  several  o 

death veral  times  emptied  by  compression  the  chyliferous  vessels  of  an 
animal  recently  dead,  they  filled  again.  This  experiment  may  be 
repeated  several  times  in  succession  ; I have  sometimes  performed 
it  two  hours  after  the  death  of  the  animal. 

Mechanism  of  Every  thing  seems  to  declare  that  there  is  something  mechani- 
of*chylft^^'°”  cal  in  the  absorption  of  the  chyle.  The  notion  acquires  much  pro- 
bability, from  the  numerous  experiments  which  have  been  recently 
made  upon  the  imbibition  of  living  tissues. 

By  examining  with  care  the  mucous  membrane  of  the  intestine 
at  the  moment  in  which  the  chyle  is  absorbed,  we  discover  that 
each  of  the  villi  is  rendered  white,  and  inflated,  by  the  chyle  : one 
would  almost  call  it  a fine  sponge  become  filled  with  milk. 

It  has  sometimes  a thickness  the  double  of  what  it  should  if 
absorption  did  not  take  place.  If  it  be  softly  pressed  between  the 
fingers,  we  express  from  it  a certain  quantity  of  chyle  : if  it  is  put 
into  water,  and  agitated  there  for  a little,  a great  number  of  small 
points  appear  ; they  are  soft,  spongy,  easily  torn.  These  are  the 
primary  agents  in  the  absorption  of  the  chyle. 

The  form  of  these  points  or  villi  varies  according  to  the  species 
of  the  animal,  and  even  according  to  the  individuals  of  the  same 
species.  Perhaps  that  may  have  some  relation  to  the  kind  of  nou- 
rishment employed  by  these.  In  a dog  which  furnished  abundance 
of  very  white  chyle,  they  were  conical  : many  small  orifices  were 
distinctly  perceived  in  them  by  the  naked  eye,  but  better  with  a 
lens.  The  same  papiilæ  in  another  animal,  a bird,  presented  no- 
thing similar  : examined  by  the  microscope,  numerous  bloodves- 
sels were  distinctly  seen  to  lose  themselves  in  a species  of  cellular 
membrane  of  extreme  delicacy  ; no  other  trace  of  vessels  was  seen. 
A small  portion  of  the  internal  membrane  of  the  small  intestine  of 
the  dog,  which  we  hav6  already  mentioned,  was  examined  by  the 
microscope.  The  bloodvessels  were  less  numerous  in  it,  and  white 
tortuous  lines  were  seen,  which  commenced  near  the  surface  of  the 
papillae,  at  the  little  openings  we  have  mentioned,  and  which 


otherwise  tardy  capillary  orifice.  The  action,  however,  may  go  on  tolerably 
quick  without  the  aid  of  valves,  as  is  beautifully  demonstrateJ  by  the  ascent 
of  the  tears  along  the  lachrymal  canals. — Ta. 
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slightly  increasing,  proceeded  to  empty  themselves  in  the  chylife- 
rous  vessels.  Are  these,  then,  the  origins  of  this  species  of  vessel  ? 
It  seems  probable  that  they  are. 

If  the  absorbent  vessels  of  the  chyle  commence  by  visible  ori- 
fices, it  may  be  comprehended  how  the  chyle  makes  its  way  into 
them,  while  it  does  not  enter  the  bloodvessels.  The  chyle  pre- 
sents, as  we  have  said,  globules.  Now  these  globules  may  be  too 
large  to  pass  through  the  simple  pores  of  the  vascular  parietes, 
whilst  they  may  find  more  facility  in  entering  the  openings  by 
which  the  chyliferous  vessels  take  their  origin. 


Course  of  the  chyle. 

We  have  already  mentioned  the  passage  of  the  chyle  : it  first 
threads  the  lacteal  vessels,  then  traverses  the  mesenteric  glands, 
arrives  at  the  thoracic  duct,  and  at  last  enters  the  subclavian 
vein. 

The  causes  that  determine  its  motion  are  the  contractility  pro-  propulsion  of 
per  to  the  chyliferous  vessels,  the  unknown  cause  of  its  absorption, 
the  pressure  of  the  abdominal  muscles,  particularly  in  the  motions 
of  respiration,  and  perhaps  the  pulsation  of  the  ai'teries  of  the  ab- 
domen. 

If  we  wish  to  have  a correct  idea  of  the  velocity  with  which  the 
chyle  flows  in  the  thoracic  duct,  we  must  open  this  canal,  as  I 
have  done  frequently,  in  a living  animal,  at  the  place  where  it 
opens  into  the  subclavian  vein.  We  find  that  this  rapidity  is  not 
very  great,  and  that  it  increases  every  time  that  the  animal  com- 
presses the  viscera  of  the  abdomen  by  the  abdominal  muscles  ; a 
similar  effect  is  produced  by  compressing  the  belly  with  the  hand. 

However,  the  rapidity  of  the  circulation  of  the  chyle  appears  to  Rapidity  of 
me  to  be  in  proportion  to  the  quantity  formed  in  the  small  intes-  the  chyie?*^ 
tine  ; this  last  is  in  proportion  to  the  quantity  of  the  chyme  : so 
that  if  the  food  is  in  great  abundance,  and  of  easy  digestion,  the 
chyle  will  flow  quickly  ; if,  on  the  contrary,  the  food  is  in  small 
quantity,  or,  which  is  the  same  thing,  if  it  is  of  diflBcult  digestion, 
as  less  chyle  will  be  formed,  so  its  progress  will  be  more  slow. 

It  would  be  difficult  to  appreciate  the  quantity  of  chyle  that 
would  be  formed  during  a given  digestion,  though  it  ought  to  be  ' 
considerable.  In  a dog  of  ordinary  size  that  had  eaten  animal 
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food  at  discretion,  an  incision  into  the  thoracic  duct  in  the  neck 
(the  dog  being  alive)  gave  about  half  an  ounce  of  liquid  in  five 
minutes,  and  the  running  was  not  suspended  during  the  whole 
continuance  of  the  formation  of  the  chyle,  that  is,  during  several 
hours. 

I do  not  know  if  there  is  any  variation  in  the  rapidity  of  the 
motion  of  the  chyle  during  the  same  digestion  ; but  supposing  it 
uniform,  there  would  enter  six  ounces  of  chyle  per  hour  into  the 
venous  system.  We  may  presume  that  the  proportion  of  chyle  is 
more  considerable  in  man,  whose  chyliferous  organs  are  more  vo- 
luminous, and  in  whom  digestion  is,  in  general,  more  rapid,  than 
in  the  dog. 

The  blood  that  flows  in  the  subclavian  vein  cannot  penetrate 
backwards  into  the  thoracic  duct,  for  there  is  a valve  at  its  orifice 
so  disposed  as  to  prevent  this  efiiect  : neither  can  the  chyle  flow 
back  into  the  intestinal  canal,  on  account  of  the  valves  of  the  tho- 
racic duct,  and  those  of  the  chyliferous  vessels. 

Action  of  the  Several  physiologists  think  that  chyle  undergoes  an  alteration 
glands.  in  traversing  the  glands  of  the  mesentery  ; some  think  that  these 
bodies  produce  a more  intimate  mixture  of  the  matters  that  com- 
pose the  chyle  ; others  suppose  that  they  add  a fluid  intended  to 
render  the  chyle  more  liquid;  there  are  others  again  who  imagine, 
on  the  contrary,  that  these  glands  carry  away  a part  of  the  chyle, 
in  order  to  purify  that  fluid.  The  truth  is,  the  influence  of  the 
mesenteric  glands  upon  chyle  is  unknown.  f 

Much  has  also  been  said  about  the  variable  qualities  of  this  li- 
quid, according  as  digestion  is  good  or  bad,  and  according  to  the 
sorts  of  food  that  have  been  used  ; the  wasting  of  the  body,  in 
certain  diseases,  has  been  attributed  to  the  formation  of  a bad 
chyle  ; but  the  modifications  that  chyle  undergoes  in  its  composi- 
tion are  very  little  known.  There  have  also  been  certain  parts  of 
the  food  spoken  of,  which,  without  being  changed  by  the  diges- 
tive organs,  pass  with  the  chyle  into  the  blood  ; but  this  is  merely 
a conjecture,  supported  by  no  positive  experiment. 

Doctor  Marcet  *,  whose  recent  loss  science  still  deplores,  and 
who  was  lately  engaged  in  the  examination  of  the  chyle,  has  com- 
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pared  that  from  animal  matters  with  that  from  vegetable  matters. 
He  found  that  the  last  contains  three  times  more  carbon  than 
chyle  proceeding  from  animal  food. 

We  owe  to  Professor  Dupuytren  some  very  ingenious  resear- 
ches, which  prove  that  the  thoracic  duct  is  the  only  direction  by 
which  the  chyle  must  necessarily  pass,  in  order  to  serve  effectively 
in  nutrition. 

We  knew  by  an  experiment  of  Duverney,  by  certain  cases  of 
obstructions  of  the  thoracic  duct,  and  particularly  by  the  experi- 
ments of  Flandrin,  which  we  shall  mention  elsewhere  ; we  knew, 
I say,  that  the  thoracic  duct  might  cease  to  pour  the  fluid  into  the 
vein  with  which  it  joins,  without  death  ensuing.  We  knew  also 
that  it  is  true,  that  in  certain  cases  the  ligature  of  the  thoracic  duct 
has  produced  death  ; but  the  cause  of  this  diversity  of  results  was 
unknown  ; the  experiments  of  M.  Dupuytren  have  given  a most 
satisfactory  explanation  of  it.  This  able  surgeon  bound  the  tho- 
racic duct  of  several  horses  ; some  of  them  died  at  the  end  of  five 
or  six  days,  others  preserved  all  the  appearance  of  perfect  health. 
In  the  animals  that  died  by  the  ligature,  it  was  always  impossible 
to  make  any  injection  pass  from  the  lower  part  of  the  duct  into 
the  subclavian  vein  ; it  is  therefore  very  probable  that  the  chyle 
had  ceased  to  pass  into  the  venous  system  immediately  after  the 
ligature.  On  the  contrary,  in  those  animals  that  lived,  it  was  al- 
ways easy  to  make  injections  of  mercury  or  other  substances  pass 
from  the  abdominal  portion  of  the  duct  into  the  subclavian  vein. 
The  injected  matters  followed  the  duct  to  the  vicinity  of  the  liga- 
ture ; they  there  turned  off  into  voluminous  lymphatic  vessels, 
which  opened  into  the  subclavian  vein.  It  is  then  evident  that 
in  these  animals  the  ligature  of  the  canal  did  not  prevent  the  chyle 
from  mixing  with  the  venous  blood. 

From  the  chyliferous  vessels  absorbing  the  chyle,  and  transport- 
ing it  into  the  venous  system,  people  have  supposed,  that  they 
perform  the  same  thing  for  all  the  substances  that  are  mixed  with 
the  food,  and  which,  though  not  digested,  pass  into  the  blood. 
For  example,  most  authors  say  that  drinks  are  absorbed  along 
with  the  fhyle  ; but  as  they  have  made  no  experiments  upon 
which  to  found  this  opinion,  it  may  be  considered  as  doubtful.  I 
wished  to  discover  how  far  this  could  be  depended  on,  and  have 
ascertained,  by  experiments  upon  living  animals,  (hat  in  no  case 
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do  the  drinks  appear  to  mix  with  the  chyle.  We  may  prove  this 
by  making  a dog  swallow  a certain  quantity  of  alcohol  mixed  with 
water  while  he  is  digesting  food.  If  half  an  hour  afterwards  its 
chyle  is  extracted  in  the  manner  we  have  pointed  out,  we  will  see 
that  this  liquid  contains  no  alcohol,  whilst  the  blood  exhales  a 
strong  odour  of  it,  and  alcohol  may  be  reproduced  from  the  blood 
by  distillation.  Similar  results  are  obtained  in  making  the  experi- 
ment with  a solution  of  camphor,  or  other  odoriferous  liquids. 

The  modifications  that  the  absorption  and  flow  of  the  chyle 
undergo  in  different  ages,  have  not  yet  been  studied  ; it  has  only 
been  remarked,  that  the  mesenteric  glands  change  their  colour, 
diminish  in  volume,  and  seem  to  be  obliterated  in  old  people. 
Some  authors  have  concluded  that  they  do  not  permit  the  chyle 
to  pass  ; but  this  assertion  appears  too  bold,  and  besides,  it  is  not 
supported  by  facts  sufficiently  proved. 

We  know  nothing  of  the  modifications  that  this  function  under- 
goes by  sex,  habit,  temperament,  &c.  We  are  no  better  informed 
about  the  relations  that  exist  between  this  function  and  those  which 
we  have  already  explained,  or  those  that  remain  to  be  examined  *. 


OF  THE  ABSORPTION  AND  COURSE  OF  THE  LYMPH. 

We  have  seen  how  much  remains  to  be  done  in  order  to  obtain 
an  exact  knowledge  of  the  absorption  and  flowing  of  the  chyle  : 
the  function  of  which  we  are  now  going  to  give  the  history  is  still 
less  known.  Its  existence  is  known  in  a general  manner,  but  its 
utility  in  the  animal  economy  has  scarcely  been  perceived  : its 
most  apparent  use  is  to  pour  the  lymph  into  the  venous  system. 
It  may  be  presumed  that  this  phenomenon  is  only  one  circumstance 
of  its  utility  ; however,  if  we  do  not  wish  to  go  beyond  what  is 
certain,  there  are  no  others  to  be  seen  at  present. 


• All  anatomists  since  Hewson  and  Monro  acknowledge  that  birds,  rep- 
tiles, and  fishes,  have  a chyliferous  apparatus  ; yet  no  one,  to  my  knowledge, 
has  spoken  of  the  chyle  of  these  animals.  Physiologists  and  chemists,  who 
have  made  experiments  on  the  chyme  of  birds,  say  nothing  of  chyle.  If  I 
refer  to  my  own  dissections,  the  mammalia  and  some  reptiles  alone  have  a 
chyliferous  system,  and  possess  chyle.— 5(?e  Memoir  on  Lymphatics  of  Birds, 
Journ.  Phys,  i.  47. 
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OJ the  lymph. 

Notliing  proves  better  the  imperfection  of  science  with  regard  Different  opi- 
to  the  function  about  to  be  examined,  than  the  ideas  of  physioio-  "ngthe'iym^^ 
gists  respecting  the  lymph.  This  name  is  given  by  some  to  the 
serum  of  the  blood,  by  others  to  the  fluid  in  the  serous  membranes, 
by  others  again  to  the  serosity  of  the  cellular  tissue,  whilst  there 
are  others  that  consider  as  lymph  that  fluid  which  flows  from  cer- 
tain scrofulous  ulcers.  We  think  it  is  necessary  to  reserve  the  name 
of  lymph  to  the  liquid  contained  by  the  lymphatic  vessels  and  the 
thoracic  duct.  It  is  so  much  the  more  necessary  to  fix  the  mean- 
ing of  this  word,  as,  by  admitting  the  other  significations,  we  are 
apt  to  give  permanence  to  an  opinion  which  is  by  no  means 
proved  : viz.  that  the  fluids  of  the  serous  membranes,  of  the  cellu- 
lar tissue,  &c.  are  absorbed  by  the  lymphatic  vessels,  and  timis- 
ported  by  them  into  the  venous  system. 

Two  processes  may  be  employed  to  procure  lymph.  One  is  to  Means  of  pro- 
lay  bare  a lymphatic  vessel,  divide  it,  and  receive  the  liquid  that '^“*’**' 
flows  from  it;  but  this  is  a method  difficult  to  execute,  and  be- 
sides, as  the  lymphatic  vessels  are  not  always  filled  with  lymph,  it 
is  uncertain  : the  other  consists  in  letting  an  animal  fast  during 
four  or  five  days,  and  then  extracting  the  fluid  contained  in  the 
thoracic  duct,  in  the  manner  I have  mentioned  in  speaking  of  the 
chyle. 

The  liquid  obtained  in  either  way  has  at  first  a slightly  opaline  Physical  pro- 
rose  colour.  It  has  a strong  spermatic  odour,  a salt  taste  ; it  some-  F^ph.°^ 
times  presents  a slight  yellow  tinge,  and  at  other  times  a red  mad- 
der colour.  I am  particular  in  these  details,  for  they  have  pro- 
bably occasioned  an  error  in  experiments  that  have  been  made  re- 
specting the  absorption  of  coloured  substances. 

But  lymph  does  not  long  remain  liquid  ; it  congeals.  Its  rose 
colour  becomes  more  deep,  an  immense  number  of  reddish  fila- 
ments are  developed,  irregularly  arborescent,  and  very  analogous 
in  appearance  to  the  vessels  spread  in  the  tissue  of  organs. 

When  we  examine  carefully  the  mass  of  lymph  thus  coagulated, 
we  find  it  formed  of  two  parts  ; the  one  solid,  and  forming  a great 
many  cells,  in  which  the  other  remains  in  a liquid  state.  If  the 
solid  part  be  separated,  the  liquid  congeals  again. 

u 2 
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Subjected  to  the  microscope,  lymph,  whether  extracted  from 
the  thoracic  duct  or  from  a lymphatic  vessel,  or  even  from  a cer- 
vical gland,  presents  a number  of  small  globules,  which  resemble 
those  of  the  blood,  but  which  are  less  abundant  than  in  this  last. 
See  blood  globules. 

The  quantity  of  lymph  procured  from  one  animal  is  but  small; 
a dog  of  a large  size  scarcely  yields  an  ounce.  Its  quantity  ap- 
pears to  increase  according  to  the  time  of  fasting;  I also  think  I 
have  observed  its  colour  become  redder  when  the  animal  has  been 
longer  deprived  of  food. 

Chemical  The  solid  part  of  the  lymph,  which  may  be  called  clot,  has  much 

proi)erties  of  ' i i > 

lymph.  analogy  with  that  of  the  blood.  It  becomes  scarlet  red  by  the 
contact  of  oxygen  gas,  and  purple  when  plunged  in  carbonic  acid. 

The  specific  gravity  of  lymph  is  to  that  of  distilled  water  as 

1022-28:  1000.00. 

I begged  M.  Chevreul  to  analyze  the  lymph  of  the  dog  ; I gave 
him  a considerable  quantity  that  I had  procured  by  the  method 
above  mentioned,  after  having  made  dogs  fast  for  some  days.  I 
here  give  the  result  obtained  by  this  able  chemist  : 1000  parts  of 


lymph  contain  : 

Water,  926-4 

Fibrin, 004.2 

Albumen,  61.0 

Muriate  of  soda, 6.1 

Carbonate  of  soda, 1.8 

Phosphate  of  lime,  4 

Phosphate  of  magnesia,  ....  V 0.5 

Carbonate  of  lime, J 

Total, 1000.0 


Apparatus  of  the  absorption  and  course  of  the  lymph. 


of  the  lym- 
phatic vessels. 


This  apparatus,  by  its  structure  and  disposition,  has  the  greatest 
analogy  with  that  of  the  absorption  and  circulation  of  the  chyle  ; 
or,  regarding  them  in  an  anatomical  point  of  view,  they  rather 
form  only  one  system.  It  is  composed  of  lymphatic  vessels,  of 
glands,  or  lymphatic  ganglions,  and  of  the  thoracic  duct,  which  we 
have  already  mentioned  in  treating  of  the  course  of  the  chyle. 

Lymphatic  vessels  exist  in  almost  every  part  of  the  body  : they 
are  not  voluminous,  they  frequently  anastomose,  and  have  almost 
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all  a reticular  disposition.  In  the  membei-s  they  form  two  strata, 
the  one  superficial,  and  the  other  deep.  The  first  is  placed  in  the 
■ cellular  tissue,  between  tbe  skin  and  the  external  aponeurosis  ; it 
generally  accompanies  the  subcutaneous  veins.  When  the  vessels 
that  form  this  stratum  are  filled  with  mercury,  the  injection  of 
which  has  succeeded  well,  they  represent  a network,  which  sur- 
rounds the  whole  limb. 

The  deep  lymphatics  of  the  limbs  are  seen  principally  in  the  in-  Lymphatic 
terstices  of  the  muscles,  round  the  nerves  and  large  vessels.  The 
superficial  and  deep  lymphatics  are  directed  towards  the  superior 
part  of  the  members,  they  diminish  in  number,  augment  in  volume, 
and  very  soon  enter  into  the  lymphatic  glands  of  the  arm- pit,  of 
the  groin,  &c.  whence  they  plunge  immediately  into  the  abdomen, 
or  the  chest. 

The  lymphatic  vessels  form  also  two  layers  in  the  trunk,  one 
subcutaneous,  the  other  placed  on  the  internal  surface  of  the  sides 
of  thp  splanchnic  cavities.  Each  viscus  has  also  two  orders  of 
lymphatics  ; the  one  sort  occupy  the  surface,  the  other  seem  to 
spring  from  its  parenchyma,  or  inteimal  substance. 

These  vessels  have  been  hitherto  sought  for  in  vain  in  the  brain, 
the  spinal  marrow,  their  envelopes,  the  eye,  the  internal  ear,  &c. 

The  lymphatic  vessels  of  the  trunk  and  extremities  end  in  the  Termination 
thoracic  duct  ; but  those  of  the  exterior  parts  of  the  head  and  the  pLiilf  v'esTeis. 
neck  terminate,  those  of  the  right  side  in  a vessel  of  consider- 
able size,  that  opens  into  the  right  subclavian  vein,  and  those  of 
the  left  side  into  a similar  vessel,  but  a little  smaller,  that  opens 
into  the  left  subclavian  vein,  a little  above  the  opening  of  the  tho- 
racic duct. 

We  do  not  know  the  form  of  the  lymphatics  at  their  origin  ; origin  of  the 
many  conjectures,  equally  ill  founded,  have  been  made  on  this 
subject.  The  most  plausible  is,  that  they  spring  from  roots  ex- 
tremely fine  in  the  substance  of  the  membranes  and  of  the  cellular 
tissue,  and  in  the  parenchyma  of  the  organs,  whei’e  they  appeal’ 
continuous  with  the  last  arterial  ramifications.  It  often  happens, 
that  an  injection  thrown  into  an  artery  passes  also  into  the  lym- 
phatics that  are  beside  it. 

The  lymphatics  are  not  regular  in  their  distribution  ; their  vo- 
lume is  now  augmented,  now  diminished  ; sometimes  they  are 
round  and  cylindric,  sometimes  they  present  a great  number  of 
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Lymphatic 

glands. 


Action  of  the 

lymphatic 

vesseis. 


Origin  of  the 
lymph  accord- 
ing to  authors. 


swellings  placed  ovex-  each  other.  Their  structure  is  not  sensihly 
différent  from  that  of  the  chyliferous  vessels  ; they  are  furnished 
with  valves  in  the  same  manner. 

In  man,  every  lymphatic  vessel,  before  reaching  the  venous  sys- 
tem, must  traverse  a lymphatic  gland.  These  organs,  which  are 
very  numerous,  and  which  completely  resemble  the  mesentei’ic 
glands  in  form  and  structure,  are  found  particularly  under  the 
armpits,  in  the  sides  of  the  neck,  and  under  the  skin  of  its  na^e  ; 
about  the  lower  jaw,  in  the  groin,  in  the  pelvis,  in  the  vicinity  of 
the  large  vessels.  In  respect  to  these,  the  lymphatic  vessels  are 
related  exactly  as  the  chyliferous  vessels  to  the  mesenteric  glands. 

Of  the  absorption  of  the  lymph. 

In  order  to  study  the  absorption  of  the  lymph  with  advantage,  it 
is  indispensable  to  examine  the  received  ideas  with  i-egard  to  the 
origin  of  this  fluid,  and  the  absoibent  faculty  attributed  to  the  ra- 
dicles of  the  lymphatic  vessels.  We  have  here  much  need  of  cau- 
tion as  well  as  exactness  ; for,  independently  of  the  difficulty  pe- 
culiar to  the  sulject,  ,we  have  to  discuss  an  opinion  generally  ad- 
mitted, and  suppoited  by  the  most  respectable  authorities  j but  as 
our  only  desire  is  to  discover  the  tiutb,  and  not  merely  to  inno- 
vate, we  hope  we  shall  not  give  oflence  by  making  this  inquiiy. 

Let  us  fii*st  see  the  origin  attributed  to  lymph.  If  the  best 
woiks  on  this  subject  are  to  be  believed,  the  lymph  is  the  result 
of  absorption,  exerted  by  the  lymphatic  radicles  at  the  surface  of 
the  mucous,  serous,  and  synovial  membianes,  of  the  plates  of  the 
cellular  tissue,  of  the  skin,  and  even  in  the  parenchyma  of  every 
organ. 

This  mode  of  considering  the  subject  comprehends  two  distinct 
ideas  : 1st,  that  the  lymph  exists  in  the  different  cavities  of  the 
body  ; 2d,  that  the  lymphatic  vessels  possess  an  absorbent  faculty. 
The  first  of  these  two  ideas  is  quite  inconect,  and  the  other  re- 
quii’es  a particular  examination.  Though  there  is,  in  fact,  an  ana- 
logy in  appearance  between  the  fluids  that  are  seen  at  the  surface 
of  the  serous  membranes,  of  the  cellular  tissue,  of  the  synovial 
membranes,  &c.,  and  the  lymph,  we  will  show  elsewhere  that  these 
fluids  are  different,  both  in  a chemical  and  physical  point  of  view  ; 
and,  as  these  different  fluids  differ  in  themselves,  in  admitting  this 
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origin  of  the  lymph,  different  sorts  of  it  ought  to  have  been  ob- 
served ; but,  hitherto,  the  lymph  has  been  found  sensibly  the  same 
in  every  part  of  the  body. 

It  is  true  that  certain  physiologists  who  amuse  themselves  with 
subtleties,  offer  an  answer,  which  they  think  calculated  to  remove 
this  difficulty  : they  affirm  that  these  fluids,  at  the  moment  of  their 
absorption,  undergo  a peculiar  elaboration,  which  transforms  them 
into  lymph  ; and  the  proof  which  they  give  of  this  is,  that  the 
lymph  differs  from  the  individual  fluids  absorbed.  This  reply 
might  have  some  weight,  were  it  proved  that  the  fluids  are  ab- 
sorbed ; we  have  just  seen,  that  we  are  yet  far  from  having  arrived 
at  this  conclusion  *, 

Let  us  now  examine  the  absorbent  faculty  attributed  by  authors 
to  the  lymphatic  vessels. 

The  liquids  introduced  into  the  stomach  and  intestines  are  quick-  Absorption  of 
* . , ^ the  lymphatic 

ly  absorbed;  the  same  effect  happens,  into  whatever  cavity  of  the  vessels. 

econopiy  the  liquids  are  carried  ; the  skin  and  the  mucous  surface 
of  the  lungs  also  possess  the  same  property.  The  ancients,  who 
had  remarked  several  of  these  phenomena,  but  who  knew  nothing 
of  the  lymphatic  vessels,  believed  that  the  veins  were  the  agents  of 
absorption  : this  belief  continued  to  the  middle  of  the  last  century, 
at  which  time  the  knowledge  of  these  vessels  arrived  at  consider- 
able perfection. 

William  Hunter,  one  of  the  anatomists  who  contributed  most  to 
the  discovery  of  these  vessels,  has  also  insisted  most  forcibly  upon 
their  absorbent  power.  His  doctrine  has  been  propagated  and  ex- 
tended by  his  brother,  by  his  disciples,  and  generally  by  all  those 
who  have  treated  of  the  anatomy  of  the  lymphatic  vessels. 


* The  logic  employed  in  this  case  is  truly  singular.  It  is  proposed  to  know  , 
whether  the  lymphatics  absorb  or  not  ; that  is  the  whole  question  : yet  that 
they  do,  seems  never  once  to  be  called  in  question,  and  the  absorbing  property 
is  never  once  doubted  of  in  the  progress  of  the  argument.  Accordingly,  it 
has  been  gravely  said,  that  the  moment  the  vessels  absorb,  they  elaborate  the 
absorbed  fluids,  and  transform  them  into  lymph.  Now,  in  the  science  of 
facts,  to  affirm  that  a phenomenon  exists,  without  proving  it,  is  equivalent  to 
saying  nothing.  Besides,  experience  proves  that  a great  many  substances, 
such  as  water,  alcohol,  ether,  camphor,  are  absorbed  without  being  elaho- 
ratcd. 
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Tlje  proofs  upon  which  their  doctrine  is  founded,  by  no  means 
possess  the  value  whicli  they  attribute  to  them.  On  account  of 
the  importance  of  tlie  subject,  we  shall  enter  into  some  details. 

Experiments  have  been  made  to  establish  that  the  lymphatic 
vessels  are  absorbent,  and  that  the  veins  are  not  so  ; but  even  sup- 
posing them  exact,  which  they  are  very  far  from  being,  they  are 
so  few  in  number,  that  it  is  astonishing  they  should  have  been  suf- 
ficient to  overturn  a doctrine  anciently  established. 

Of  these  experiments,  some  have  been  made  to  prove  that  the 
lymphatic  vessels  absorb,  and  others  to  prove  that  the  veins  do 
not  absorb.  We  shall  here  treat  only  of  the  first  ; the  second  we 
shall  consider  at  the  article  of  the  absorption  of  veins. 

The  following  experiment  was  made  by  John  Hunter,  one  of 
the  first  who  positively  denied  the  absorption  of  the  veins,  and  ad- 
mitted that  of  the  lymphatics  ; and  it  appeared  to  him  to  be  very 
decisive. 

Experirrcîits  He  opened  the  lower  belly  of  a dog  ; he  emptied  several  por- 
te/upon  lym-  tions  of  the  intestines  very  quickly  of  the  matters  they  contained, 
phatic  absorp  compressiiig  them  sufficiently  : he  immediately  injected  hot 
milk,  which  he  retained  by  ligatures.  The  veins  that  belonged  to 
these  portions  of  the  intestines  were  emptied  of  their  blood  by 
several  punctures  made  in  their  trunk  ; he  prevented  the  farther 
introduction  of  blood,  by  applying  ligatures  to  their  corresponding 
arteries,  and  he  then  replaced  them  in  the  lower  belly.  He  left 
them  there  about  half  an  hour.  He  then  took  them  out,  and 
having  examined  them  carefully,  he  found  that  the  veins  were 
• nearly  as  empty  as  when  he  took  them  out  the  first  time,  and  they 

did  not  contain  a drop  of  white  fluid,  whilst  the  lacteals  were  quite 
full. 

The  imperfect  state  in  which  the  art  of  making  physiological 
experiments  stood  at  the  period  in  which  John  Hunter  performed 
that  above,  can  alone  excuse  this  celebrated  anatomist  for  not 
having  felt  how  many  important  circumstances  are  wanting  to  give 
it  weight,  supposing  it  to  be  correct. 

Objections  Order  that  this  experiment  should  have  some  value,  it  would 

meîts  SToh'n  necessary  to  know  if  the  animal  was  fasting,  or  if  it  was  in  the 

Hunter.  operation  of  digestion  when  opened  ; the  state  of  the  lacteal  lympha- 
tics ought  to  have  been  examined  at  the  beginning  of  the  experi- 
ment : were  they  or  were  they  not  full  of  chyle  ? — What  changes 
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happened  to  the  milk  during  the  time  it  was  in  the  intestine  ? What 
proof  is  there  that  the  lacteals  were  filled  with  milk  at  the  end  of 
the  experiment  ? Was  it  not  rather  chyle  with  which  they  were 
filled  ? To  conclude,  this  experiment  was  repeated  at  different 
times  by  Flandrin,  professor  at  the  veterinary  school  of  Alfort  ; 
and  though  he  was  well  acquainted  with  the  practice  of  making 
experiments  upon  living  animals,  he  was  not  successful  in  this, 
that  is  to  say,  he  perceived  no  milk  in  the  lymphatic  vessels.  I 
have  myself  several  times  repeated  this  experiment,  and  the  results 
that  I obtained  were  perfectly  the  same  as  those  of  Flandrin,  and 
consequently  quite  contrary  to  those  of  Hunter. 

Thus  the  principal  experiment  of  an  author  worthy  of  credit,  in 
which  he  supposed  he  had  witnessed  the  absorption  of  another 
fluid  besides  the  chyle,  by  the  lacteals,  appears  to  have  been  either 
illusory  or  insignificant. 

I pass  the  other  experiments  of  J.  Hunter  in  silence,  they  being 
less  conclusive  than  this.  They  have  been  repeated  without  suc- 
cess by  Flandrin,  as  well  as  by  myself*. 

I thought  it  necessary  to  make  some  trials,  in  order  to  determine 
if  the  chyliferous  and  other  lymphatic  vessels  of  the  intestinal  canal 
really  absorb  other  fluids  besides  the  chyle. 

In  the  first  place,  I proved  that  if  a dog  is  made  to  swallow  four  Experiments 
ounces  of  water,  pure  or  mixed  with  a certain  quantity  of  alcohol,  tlcateorption 
of  colouring  matter,  of  acid  or  salt,  in  about  an  hour  the  whole  of 
the  liquid  is  absorbed  in  the  intestinal  canal. 

It  was  evident  that  if  these  different  liquids  were  absorbed  by 
the  lymphatic  vessels  of  the  intestines,  they  must  traverse  the  tho- 
racic duct  ; we  ought  then  to  find  a quantity  more  or  less  in  this 
canal,  by  collecting  the  lymph  of  the  animals  an  hour,  or  three 


■ So  great  is  the  tendency  of  the  human  understanding  to  admit  error  : 
Hunter  contrived  a false  theory  upon  one  of  the  most  important  functions  of 
life,  he  supported  it  with  difficulty  upon  some  inaccurate  experiments,  which 
were  every  way  insufficient.  His  ideas  were  immediately  and  universally 
admitted  ; they  are  even  defended  at  present  with  a heat  and  a zeal  which 
truth  but  rarely  inspires.  Harvey,  who  instituted  so  many,  and  such  beauti- 
ful experiments  to  demonstrate  the  circulation  of  the  blood,  had  to  combat, 
for  thirty  years,  against  the  imputation  of  being  a visionary,  and  to  obtain  a 
reception  for  one  of  the  finest  discoveries  that  ever  did  honour  to  human  in- 
genuity. 
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quarters  of  an  hour,  after  the  introduction  of  the  liquids  into  the 
stomach. 

First  experiment. — A dog  swallowed  four  ounces  of  a decoction 
of  rhubarb  : half  an  hour  after,  the  lymph  was  extracted  from  the 
thoracic  duct.  This  fluid  presented  no  trace  of  rhubarb  ; the  half 
of  the  liquid  had  nevertheless  disappeared  from  the  intestinal  canal, 
and  there  was  rhubarb  perceptible  in  the  urine. 

Second  experiment. — A dog  was  caused  to  drink  six  ounces  of 
a solution  of  pnissiate  of  potass  in  water  : a quarter  of  an  hour 
after,  the  urine  contained  the  prussiate  very  evidently  ; the  lymph 
extracted  from  the  thoracic  duct  contained  none. 

Third  experiment. — Three  ounces  of  alcohol  diluted  in  water 
were  given  to  a dog  ; in  a quarter  of  an  hour  the  blood  of  the  dog 
had  a strong  odour  of  alcohol  : the  lymph  had  none  at  all. 

Fourth  experiment — The  thoracic  duct  of  a dog  having  been 
tied,  in  the  neck,  he  was  made  to  drink  two  ounces  of  a decoction 
of  nux  vomica,  a very  poisonous  liquid  for  dogs.  The  animal  died 
as  soon  as  if  the  thoracic  duct  had  remained  untouched.  When 
the  body  was  opened,  it  was  ascertained  that  the  canal  of  the  lymph 
was  not  double,  that  it  had  only  one  opening  into  the  left  subcla- 
vian vein,  and  that  it  had  been  well  tied. 

Fifth  experiment. — The  thoracic  duct  of  a dog  was  tied  in  the 
same  way,  and  two  ounces  of  decoction  of  nux  vomica  injected 
into  the  rectum  : the  effects  were  similar  to  what  would  have  hap- 
pened if  the  canal  had  not  been  tied,  that  is,  the  animal  died  very 
soon.  The  disposition  of  the  canal  was  analogous  to  that  of  the 
preceding  experiments. 

Sixth  experiment. — Upon  a dog  that,  seven  hours  before,  had 
eaten  a great  quantity  of  meat,  in  order  to  make  the  chyliferous 
lymphatics  easily  perceived,  M.  Delille  and  I made  an  incision 
into  the  parietes  of  the  abdomen,  and  we  drew  out  a part  of  the 
small  intestine,  upon  which  we  put  two  ligatures  at  15‘75  inches 
distance  from  each  other.  The  lymphatics  which  proceeded  flora 
this  portion  of  the  intestine  were  white  and  very  apparent,  on 
account  of  the  chyle  by  which  they  were  distended.  Two  new 
ligatures  were  placed  upon  each  of  these  vessels  at  the  distance  of 
two-thirds  of  an  inch,  and  we  cut  these  vessels  between  the  two 
ligatures.  We  ascertained,  besides,  by  every  possible  means,  that 
the  part  of  the  intestine  taken  from  the  abdomen  had  no  commu- 
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nication  with  the  rest  of  the  bcMly  by  the  lymphatic  vessels.  Five 
arteries  and  five  mesenteric  veins  came  to  this  intestinal  portion  ; 
four  of  these  arteries,  and  as  many  veins,  were  tied,  and  cut  in  the 
same  manner  as  the  lymphatics  ; then  the  two  extremities  of  that 
part  of  the  intestine  were  cut  and  separated  entirely  from  the  rest 
of  the  small  intestine.  Thus  we  had  a portion  of  the  small  intes- 
tine of  the  length  of  15‘75  inches,  communicating  with  the  rest  of 
the  body  only  by  an  artery  and  a mesenteric  vein. 

These  two  vessels  were  insulated  for  four  fingers’  breadth  ; we  Experiments 
took  away  the  cellular  tunic,  lest  any  lymphatics  might  have  re-  phatic  absorp- 
mained  hid  in  it.  We  injected  into  the  cavity  of  the  intestinal  part 
nearly  two  ounces  of  decoction  of  nux  vomica^  and  a ligature  was 
placed  to  prevent  the  passing  out  of  the  injected  liquid.  The  part, 
after  being  enveloped  in  fine  linen,  was  replaced  in  the  abdomen. 

It  was  exactly  one  o’clock  ; six  minutes  afterwards  the  effects  of 
the  poison  appeared  in  their  usual  manner  ; so  that  every  thing 
took  place  as  if  the  peninsulated  portion  of  the  intestine  had  been 
in  its  natural  state. 

Dr  Segalas  has  performed  the  counterpart  of  this  experiment  ; 
the  following  facts  are  literally  transciibed  from  his  memoirs. 

“ Isf  'Exy.  I took  a portion  of  intestine,  and  insulated  it  from  Experiments 
the  adjoining  intestine  by  two  incisions  ; I tied  the  arteries  and  Sp^"^  absorp- 
the  veins  which  were  distributed  upon  it,  with  the  precaution  of^'°°' 
not  embracing  in  my  ligatures  the  lacteals,  which  were  rendered 
apparent  by  the  presence  of  chyle  : I applied  a ligature  to  one  ex- 
tremity of  the  portion  of  intestine,  and  injected  into  its  cavity  the 
poison  which  I had  already  employed,  a watery  solution  of  the 
alcoholic  extract  of  nux  vomica  ; I maintained  it  in  that  cavity  by 
means  of  a second  ligature  ; I replaced  the  portion  of  intestine  in 
the  belly,  and  I obtained  no  poisoning  effect  for  the  space  of  an 
entire  hour,  during  which  I watched  the  animal.  Yet  I bad  em- 
ployed half  a drachm  of  the  extract,  prepared  with  care  by  M. 
Labarraque,  and  already  proved  by  many  preceding  experiments, 
in  which  a few  grains  only  had  kufficed  to  destroy  dogs,  the  ani- 
mals upon  which  I operated. 

“ To  this  experiment  it  may  be  objected,  that  the  circulation 
being  inten'upted  in  the  insrrlated  portion  of  intestine,  absorption 
was  suspended  solely  from  defect  of  sanguine  excitement  ; and 
that  in  consequence,  the  non-poisoning  of  the  animal,  in  this  case, 
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does  not  prove  the  non-absorption,  in  the  natural  state,  by  the 
chyliferous  vessels  or  lacteals. 

“ Without  stopping  here  to  examine  the  influence  of  the  circu- 
lation upon  absorption,  an  influence  which  cannot,  in  fine,  be  just- 
ly appreciated  without  previously  determining  what  are  the  true 
agents  of  absorption,  I shall  content  myself  with  observing,  that 
the  partisans  of  absorption  by  the  lymphatics  quote  several  ana- 
logous experiments,  made  by  Hunter,  in  which  that  physiologist 
says  he  found,  after  insulating  an  intestinal  portion,  and  tying  the 
arteries  and  veins,  the  transit,  in  the  chyliferous  vessels,  of  a cer- 
tain quantity  of  milk,  warm  water,  water  of  musk,  coloured  starch  ; 
and  that  if  my  experiment  is  rejected  on  account  of  the  presumed 
death  of  the  insulated  portion  of  intestine,  the  corresponding  ex- 
periments of  Hunter  ought  to  be  rejected  for  the  same  reason. 
Besides,  those  experiments  which  appear  to  be  the  most  favour- 
able of  all  to  absorption  by  the  lymphatics,  are  liable  to  a particu- 
lar objection  : it  may  be  said,  for  example,  that  the  white  fluid  which 
Hunter  saw  in  the  lacteals  a quarter  of  an  hour  after  having  put 
milk  into  the  intestinal  portion,  was  only  chyle,  prepared  from  that 
milk,  or  from  the  intestinal  mucus,  deposited  previously  in  the 
lacteal  organs,  in  the  sort  of  spongy  tissue  constituted  by  their  as- 
semblage ; it  may  be  said,  that  the  empty  lacteal  vessels  exhibit, 
by  reason  of  their  transparency,  a colour  which  varies  according  to 
the  fluid  by  which  they  are  traversed  ; and  that  Hunter  has  al- 
lowed himself  to  be  imposed  upon  by  this  appearance,  and  gra- 
tuitously assumed  the  presence  of  warm  water,  coloured  water,  &c. 
in  these  vessels. 

“ 2d  Exp-  To  avoid  the  well-founded  objections  of  the  death  of 
the  insulated  portion  of  intestine,  in  a second  dog  I took  another 
portion,  which  I insulated  in  the  same  manner  from  the  rest  of  the 
digestive  tube  and  the  circulating  system,  having  only  one  large 
artery  to  supply  it  with  blood.  The  result  was  the  same  as  in  the 
former  experiment  ; there  was  no  poisoning. 

“ But  still  it  may  be  objected,  that  the  accumulation,  or  stasis, 
of  the  venous  blood  in  the  portion  of  intestine,  has  given  rise  to  a 
sort  of  local  asphyxia,  which,  relatively  to  absorption,  is  equivalent 
to  actual  death  ; and  that  it  is  therefore  no  wonder  if  that  absorp- 
tion has  not  taken  place. 

“ 3</  Exp.  In  reply  to  this  new  objection,  I took  up  a new  por- 
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tion  of  intestine,  in  a third  dog,  in  the  same  manner  as  the  pre- 
ceding, with  this  difference,  that  I insulated  the  vein  correspond- 
ing to  the  preserved  artery,  and  preserved  it  apart,  after  having  de- 
tached it  from  the  mesentery  with  the  necessary  precautions.  By 
this  vein,  I give  issue  to  the  excess  of  venous  blood,  and  notwith- 
standing the  poison  introduced  into  the  cavity  did  not  act. 

“It  might  be  suspected  that  some  accidental  or  solitary  circum- 
stance here  opposed  itself  to  absorption  ; to  remove  which  idea,  I 
instituted  a fourth  proof. 

“ Mh  Exp.  After  having  vainly  attempted  to  poison  a dog  as  in 
the  preceding  experiment,  after  waiting  a whole  hour,  I re-es- 
tablished the  natural  circulation,  by  untying  the  vein,  and  the 
poisoning  took  place  in  six  minutes. 

“ These  results,  which  likewise  remove  the  objection  pretended 
to  obtain  against  your  experiment  * with  the  insulated  portion  of 
intestine,  of  anastomoses  existing  between  the  venous  and  lympha- 
tic originating  radicles,  seem  to  me  to  establish,  that  intestinal  ab- 
sorption is  operated  exclusively  by  the  veins,  at  least  in  the  case  of 
the  substance  which  I employed.” 

These  experiments  have  all  been  repeated  before  me  ; I have 
varied  them  in  different  ways,  and  the  results  were  always  the 
same.  I think  they  are  sufficient  to  establish  positively  that  the 
lymphatic  vessels  are  not  the  only  agents  of  intestinal  absorption, 
and  that  they  must  render  it  doubtful  whether  the  absorption  of 
these  vessels  is  exerted  upon  other  substances  besides  the  chyle  f. 

It  is  rather  by  analogy  than  upon  positive  facts,  that  the  lym- 
phatic absorption  has  been  admitted  in  the  genito-urinary,  and  pul- 
monary, mucous  surfaces,  in  the  serous  and  synovial  membranes, 
in  the  cellular  tissue,  at  the  surface  of  the  skin,  and  in  the  tissue 
of  the  organs.  We  will,  however,  examine  the  few  proofs  that  au- 
thors have  brought  to  support  them. 

The  lymphatic  vessels  are  the  only  organs  of  absorption  that 
operate  in  the  intestinal  canal  : the  lymphatic  vessels,  then,  of  the 


* These  reseai'ches  were  addressed  to  me  in  the  form  of  a letter.  Journ. 
Phyi.  ii.  1 1 7. 

-f-  These  different  experiments  have  been  recently  repeated  and  varied  by 
M.  Tiedemann  and  Gmelin,  with  results  entirely  identical. 
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rest  of  the  body,  the  disposition  of  which  is  similar,  or  very  ana- 
logous, to  the  chyliferous  vessels,  ought  to  possess  the  same  faculty. 
Such  is  the  reasoning  of  the  favourers  of  absoi'ption  by  the  lym- 
phatics ; and  as  it  is  known  that  all  the  surfaces,  exterior  and  in- 
terior, of  the  economy  absorb,  it  has  been  concluded  that  tbe  lym- 
phatic vessels  were  every  where  the  instruments  of  absorption. 

If  the  absorbent  faculty  of  the  lymphatics  of  the  intestinal  canal 
were  proved  for  other  substances  besides  the  chyle,  this  reasoning 
might  be  very  forcible  ; but  as  we  have  just  seen  that  it  is  perfectly 
uncertain,  we  cannot  admit  it  ; and  we  are  obliged  to  have  recourse 
to  other  facts,  or  experiments,  which,  as  is  generally  believed,  de- 
monstrate the  lymphatic  absorption. 

In  animals,  dead  in  consequence  of  pulmonary  or  abdominal 
hemorrhage,  Mascagni  found  the  lymphatics  of  the  lungs  and  of 
the  peritoneum  gorged  with  blood  ; he  concluded  from  this  that 
these  vessels  had  absorbed  the  fluid  by  which  they  were  filled  : but 
I have  often  found,  both  in  animals  and  in  man,  lymphatics  distend- 
ed with  blood,  in  cases  in  which  there  had  been  no  efifusion  of  that 
fluid  ; and  besides,  there  is  in  certain  cases  so  little  diflFerence  be- 
tween the  lymph  and  the  blood,  that  they  cannot  be  easily  distin- 
guished. The  fact  of  Mascagni  is  thus  of  little  importance  to  the 
question. 

J.  Hunter,  after  having  injected  water  coloured  by  indigo  into 
the  peritoneum  of  an  animal,  affirms  that  be  saw  the  lymphatics 
filled  with  a liquid  of  a blue  colour  * ; but  this  fact  has  been  dis- 
proved by  the  experiments  of  Flandrin  upon  horses.  This  author 
injected  into  the  pleura  and  the  peritoneum  not  only  a solution  of 
indigo  in  water,  but  other  coloured  liquors,  and  be  never  saw  them 
pass  into  the  lymphatics,  though  they  were  both  very  promptly 
absorbed. 

M.  Dupuytren  and  myself  have  made  more  than  one  hundred 
and  fifty  experiments,  in  which  we  submitted  a great  number  of 


• Mr  Herbert  Mayo,  who  published  a Very  interesting  periodical  work 
upon  anatomy  and  physiology,  has  recently  discovered  the  cause  of  the  illu- 
sion of  Hunter.  In  the  ordinary  state,  and  without  an  animal  having  taken 
indigo,  the  lacteals  assume  a blue  tint  a little  after  death. 
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different  fluide  to  the  absorption  of  the  serous  membranes,  and  we 
never  saw  them  enter  the  lymphatic  vessels. 

The  substances  that  are  thus  introduced  into  the  serous  cavities 
produce  very  rapid  effects,  on  account  of  the  quickness  with  which 
they  are  absorbed.  Opium  produces  drowsiness,  wine  drunkenness, 

&c.  I have  ascertained  by  several  experiments  that  the  ligature 
of  the  thoracic  duct  does  not  at  all  diminish  the  rapidity  of  these 
effects.  It  is,  then,  very  doubtful  whether  the  lymphatic  vessels 
are  the  organs  of  absorption  in  the  serous  cavities.  We  may  add, 
that  the  arachnoid  membrane,  the  membrane  of  the  aqueous  hu- 
mour, the  hyaloid  membrane,  the  structure  and  disposition  of  which 
are  very  analogous  to  those  of  the  serous  membranes,  and  in  which 
no  lymphatic  vessel  has  ever  been  seen,  possess  an  absorbent  fa- 
culty quite  as  active  as  that  of  the  other  membranes  of  the  same 
class. 

When  a ligature  is  applied  to  a member,  and  drawn  with  force.  Lymphatic 
the  part  of  the  member  farthest  from  the  heart  swells,  and  the  cSar  Ussul 
serosity  accumulates  in  the  cellular  tissue.  There  happens  a simi- 
lar phenomenon  after  certain  operations  for  cancer  in  the  breast, 
in  which  it  is  necessary  to  carry  away  all  the  lymphatic  glands  of 
the  axilla.  This  phenomenon  has  been  explained  by  saying  that 
the  ligature  or  removal  of  the  glands  of  the  armpit  oppose  the 
circulation  of  the  lymph,  and  particularly  its  absorption  in  the  cel- 
lular tissue.  Let  us  see  how  far  this  explanation  is  satisfactory. 

In  the  first  place,  lymph  is  a fluid  very  different  from  the  cellular 
serosity;  then,  cannot  the  accumulation  of  this  serosity  depend 
upon  other  causes  than  the  obstruction  of  the  absorbent  action  of 
the  lymphatics  ; upon  the  difficulty  of  cfrculation,  for  example,  or 
of  the  return  of  the  venous  blood  ? Besides,  the  subtraction  of  the 
glands  of  the  armpit  does  not  always  produce  the  effect  of  which 
we  have  spoken,  and  scirrhous  obstructions  are  often  seen,  and 
even  complete  disorganizations  of  the  glands  of  the  armpit  or  groin, 
that  are  not  accompanied  with  any  œdema  *. 

More  numerous  proofs  are  givrai  by  authors,  of  the  absorption  of 
the  lymphatics  situated  in  the  skin. 


• We  shall  immediately  see  that  the  œdema  of  the  limbs  depends  upon 
the  total  or  partial  obliteration  of  the  veins. 
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A person  pricks  his  finger  in  the  dissection  of  a putrified  body; 
two  or  three  days  after,  the  puncture  inflames,  the  corresponding 
glands  of  the  armpit  swell,  and  become  painful.  In  certain  cir- 
cumstances, not  very  common,  these  effects  are  accompanied  with 
a vivid  redness,  and  a trifling  pain,  in  the  whole  length  of  the  lym- 
phatic trunks  of  the  arm.  It  is  then  said  that  the  putrified  animal 
matter  has  been  absorbed  by  the  lymphatics  of  the  finger,  that  it 
has  been  transported  by  them  to  the  glands  of  the  armpit,  and  that 
its  passage  has  been  every  where  marked  by  the  irritation  and 
inflammation  of  the  parts  traversed. 

Appearances  are  certainly  favourable  to  this  explanation,  and  I 
do  not  deny  its  validity  ; I even  incline  to  believe  that  hereafter 
it  will  be  found  exact  : but  when  we  consider  that  it  is  now  one 
of  the  bases  of  Therapeutics,  and  that  it  often  decides  the  employ- 
ment of  energetic  medicines,  I think  that,  in  this  respect,  doubt 
cannot  be  carried  too  far.  I shall  therefore  make  the  following  ob-j 
servations  upon  this  explanation.  Very  frequently  one  is  pricked 
with  a scalpel  imbued  with  putrid  matter,  without  any  accident 
happening.  Very  frequently  a puncture  made  with  a needle  that 
is  perfectly  clean,  produces  the  same  phenomena  : a slight  contu- 
sion upon  the  end  of  the  finger  produces  often  similar  effects.  The 
impression  of  cold  upon  the  feet  often  causes  a swelling  in  the 
glands  of  the  groin,  and  redness  in  the  lymphatics  of  the  internal 
part  of  the  leg  and  the  thigh.  It  may  be  added,  that  inflammation 
of  the  veins  by  a puncture  is  frequently  seen,  and  even  at  the  same 
time  with  the  lymphatics.  I saw  a striking  and  very  unfortunate 
example  of  it  upon  the  dead  body  of  Professor  Leclerc.  This  ex- 
cellent man  died  in  consequence  of  the  absorption  of  putrid  matter  ' 
(miasms),  which  took  place  by  a small  excoriation  of  one  of  the 
fingers  of  the  right  hand.  The  lymphatics  and  the  glands  of  the 
armpit  were  inflamed,  these  glands  had  a sickly  brownish  colour  ; 
but  the  internal  membrane  of  the  veins  of  the  right  arm  presented 
unequivocal  traces  of  inflammation,  and  the  lymphatic  glands  of 
the  whole  body  exhibited  the  same  alteration  as  those  of  the  right 
armpit. 

Several  facts  of  Pathology  are  also  considered  as  a proof  of 
lymphatic  absorption.  After  impure  coition,  an  ulcer  comes  out 
on  the  glans  penis,  and  some  days  afterwards  the  glands  of  the 
groin  swell  and  become  painful  : or  these  same  glands  inflame 
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without  any  previous  ulceration  upon  the  penis.  This  swellinjç 
frequently  happens  in  the  first  days  of  a gonorrhœal  discharge.  In 
these  different  cases,  the  swelling  of  the  glands  is  attributed  to  the 
absorption  of  the  venereal  vims,  which,  they  say,  has  been  caught 
by  the  lymphatic  orifices,  and  transported  to  the  glands.  Also, 
because  the  swelled  glands  of  the  groin  return  sometimes  to  their 
natural  state,  after  mercurial  frictions  upon  the  internal  part  of  the 
corresponding  thigh,  it  has  been  concluded  that  the  mercury  is 
absorbed  by  the  lymphatics  of  the  skin,  and  that  it  traverses  the 
glands  of  the  groin.  These  different  facts  are  really  of  such  a 
nature  as  to  make  us  suspect  absorption  by  the  lymphatic  vessels  ; 
but  they  do  not  demonstrate  it  to  a certainty.  This  will  never 
be  completely  demonstrated  until  the  substance  supposed  to  be 
absorbed  is  found  in  these  vessels  ; and  as  in  those  cases  mention- 
ed, neither  the  pus  of  the  venereal  ulcers  and  gonorrhœas,  nor  the 
mercury,  have  been  seen  in  the  lymphatic  vessels,  they  therefore 
give  no  proof  of  lymphatic  absorption.  And  what  is  more,  even 
should  pus,  mercurial  ointment,  or  any  other  substance  used  in 
friction,  be  found  in  these  vessels,  it  would  be  necessary  to  prove 
that  it  was  by  absorption  they  entered-  We  will  see,  farther  on, 
with  what  facility  substances  mixed  with  the  blood  pass  into  the 
lymphatic  system 

Mascagni  cites  an  experiment  he  made  upon  himself,  and  which 
he  considers  the  most  convincing;  I here  give  a literal  translation 
of  it  : — “ Having  kept  my  feet  plunged  in  water  for  some  time,  I 
observed  upon  myself  a somewhat  painful  swelling  of  the  in- 
guinal glands,  and  a transudation  of  fluid  through  the  gland.  I 
was  afterwards  seized  with  a fluxion  of  the  head  ; a sharp  and  salt 
fluid  flowed  from  my  nostrils.  I thus  explain  these  phenomena- 
When  an  extraordinary  quantity  of  fluid  filled  the  lymphatics  of 
the  feet,  and  the  inguinal  glands  were  swelled  with  it,  the  lym- 
phatics of  the  penis  were  more  diflScultly  loaded  with  it.  The 
bloodvessels  continued  to  separate  the  same  quantity  of  fluid; 
but  the  lymphatic  vessels  could  not  carry  it  wholly  away,  for  the 
motion  of  their  own  fluid  was  retarded  : on  this  account  the  re- 
mainder of  the  fluid  secreted,  transuded  through  the  gland.  Also, 
by  the  abundant  absorption  of  the  lymphatics  of  the  feet,  the 
thoracic  duct  was  distended  with  great  force,  the  lymphatics  of  the 
pituitary  membrane  could  no  longer  freely  absorb  the  fluids  depo- 


X 


322 


COMPENDIUM  OF  PHYSIOLOGY. 


Observations 
relative  to 
lymphatic  ab- 
sorption. 


Reflections. 


sited  upon  the  surface  ; and  thence  coryza^  By  this  experiment 
we  learn  tliat  Mascagni  had  the  glands  of  the  gi'oin  swelled,  after 
his  feet  had  remained  some  time  in  water  ; the  explanation  which 
follows  is  quite  hypothetical. 

It  is  also  by  induction  alone,  that  absorption  in  the  centre  of 
organs  is  admitted  ; it  is  supported  by  no  experiment  ; and  the 
facts  that  are  given  as  proofs,  such  as  metastasis,  the  resolution  of 
tumours,  diminution  of  the  volume  of  organs,  &c.  establish  that 
there  is  an  interior  absorption,  but  they  do  not  prove  that  it  is  exe- 
cuted by  the  lymphatic  vessels. 

I must  cite  a fact,  which,  in  my  opinion,  is  much  more  favour- 
able to  the  doctrine  of  absorption  by  the  lymphatic  vessels  than  any 
that  I have  hitherto  mentioned  ; we  owe  it  to  M.  Dupuytren. 

A woman  that  had  a large  tumour  upon  the  superior  and  internal 
part  of  the  thigh,  with  fluctuation,  died  at  the  Hotel  Dieu,  in  1810. 
A few  days  before  her  death,  an  inflammation  was  seen  in  the  sub- 
cutaneous cellular  tissue,  at  the  internal  part  of  the  tumour. 

The  body  was  opened  next  day  by  M*  Dupuytren.  Scarcely 
had  he  divided  the  skin  which  covered  the  tumour,  when  there 
were  formed  white  points  upon  the  lips  of  the  incision.  Being 
surprised  at  this  phenomenon,  he  dissected  the  skin  to  a certain 
extent  with  care,  and  he  saw  the  subcutaneous  cellular  tissue  over- 
spread by  white  lines,  some  of  which  were  as  large  as  crow  quills. 
They  were  evidently  lymphatic  vessels  filled  with  a puriforra  mat- 
ter. The  glands  of  the  groin  into  which  these  vessels  passed,  were 
full  of  the  same  matter  ; the  lymphatics  were  filled  with  the  same 
matter  up  to  the  lumbar  glands  ; but  neither  these  glands  nor  the 
thoracic  duct  presented  any  trace  of  it. 

Now,  the  question  is,  to  know,  if  we  may  conclude  from  this 
fact,  that  the  lymphatics  had  absorbed  the  fluid  by  which  they  were 
filled  : this  is  probable  ; but,  in  order  to  prove  it,  it  would  have 
been  necessary  that  the  fluid  contained  by  the  lymphatics,  and  that 
of  the  pus  that  filled  the  cellular  tissue,  had  been  proved  to  be  the 
same.  But  they  who  inspected  it  were  satisfied  with  the  appear- 
ance. M.  Cruveilhier,  who  relates  this  fact,  expresses  himself 
thus  : — “ I have  said  that  the  liquid  was  pus  ; it  had  the  opacity, 
the  white  colour,  and  the  consistence  of  it.”  Now,  in  similar  cir- 
cumstances, the  appearance  alone  is  so  deceiving,  that  it  ought  not 
to  be  trusted.  By  following  this  method,  have  not  milk  and  chyle, 
two  liquids  which  are  very  different,  long  been  confounded,  simply 
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because  their  appearance  is  the  same  ? But  are  we  sure  that  the 
pus  did  not  come  from  the  lymphatics  themselves,  which  were  in- 
flamed, as  happens  sometimes  to  the  veins  ? 

In  many  circumstances  analogous  to  that  which  I have  cited, 
that  is,  after  erysipelatous  inflammation  with  suppuration  of  the 
cellular  tissue  of  the  limbs,  I have  seen  no  trace  of  purulent  matter 
in  the  lymphatic  vessels  : and,  besides,  it  is  not  extraordinary  in 
cases  of  this  kind  to  find  the  veins  that  spring  from  the  diseased 
parts  filled  with  a matter  very  analogous  to  pus  *. 

To  return  to  the  absorbent  faculty  of  lymphatics,  we  think  it 
may  possibly  exist,  but  that  it  is  far  from  being  demonstrated  ; and 
as  we  have  a great  number  of  facts  that  appear  to  establish  posi- 
tively absorption  by  the  venous  radicles,  we  shall  postpone  the  his- 
tory of  the  different  absorptions  to  the  period  at  which  we  treat  of 
the  circulation  of  venous  blood. 

The  recently  acquired  knowledge  of  the  doctrine  of  imbibition 
of  living  tissues,  allows  us  to  add  a new  and  important  considera- 
tion to  those  which  have  been  offered,  and  which  are  mostly  to  be 
met  with  in  the  first  edition  of  this  work. 

There  is  no  doubt  that  a solid  or  liquid  substance,  susceptible 
of  being  absorbed,  may  be  imbibed  into  the  parietes  of  the  lym- 
phatic vessels,  and  arrive,  by  a purely  mechanical  action,  at  the  in- 
terior of  those  vessels  ; but  absorption  is  not  merely  constituted  of 
any  such  single  phenomenon  ; the  substance  which  has  penetrated 
into  the  cavity  of  the  vessels,  must  be  transported  into  the  torrent 
of  the  circulation.  Now,  whenever,  as  frequently  happens,  the 
lymphatics  are  empty,  they  present  no  cunent  which  might  drag 
along  with  it  the  matters  absorbed.  This  want  of  current  would 
alone  be  a sufficient  reason  against  regarding  the  lymphatics  as  an 
absorbent  system. 

We  now  return  to  the  origin  of  the  lymph  admitted  by  Physio-  Probable 
logists.  If,  on  the  one  hand,  the  fluids  that  are  supposed  to  be  the  lymph, 
absorbed  by  the  lymphatic  vessels,  are  different  from  the  lymph  in 
their  physical  and  chemical  properties  ; if,  on  the  other  hand,  the 
absorbent  faculty  of  the  lymphatic  vessels  is  a phenomenon,  the 


• In  a case  recently  observed  in  the  Hotel  Dieu,  there  was  found,  in  con- 
sequence of  a compound  fracture  complicated  with  a large  abscess,  pus  in  the 
veins,  and  in  the  lymphatic  vessels  which  arose  from  the  part  affected. 
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existence  of  which  is  very  doubtful,  what  must  we  think  of  the  re- 
ceived opinion  with  regard  to  the  origin  of  the  lymph  ? Is  it  not 
plain  that  it  has  been  lightly  admitted,  and  that  there  is  very  little 
probability  in  its  favour  ? 

Whence,  then,  comes  the  fluid  that  is  found  in  the  lymphatic 
vessels  ? or,  in  other  terms,  what  is  the  real  or  probable  origin  of 
the  lymph  In  considering,  1st,  the  nature  of  the  lymph,  which 
has  the  greatest  analogy  with  the  blood  ; 2dly,  the  communication 
demonstrated  by  anatomy,  between  the  termination  of  the  arteries 
and  the  radicles  of  the  lymphatics  ; 3dly,  the  facility  and  quickness 
with  which  colouring  or  saline  substances  introduce  themselves 
into  the  lymphatic  vessels  ; it  becomes,  in  my  opinion,  very  pro- 
bable, that  the  lymph  is  a part  of  the  blood,  which,  in  place  of  re- 
turning to  the  heart  by  the  veins,  follows  the  course  of  the  lympha- 
tic vessels. 

This  is  not  a new  idea  ; it  is  nearly  the  same  as  that  of  the  ana- 
tomists who  first  discovered  the  lymphatic  vessels,  and  who  sup- 
posed that  these  vessels  were  intended  to  carry  back  to  the  heart 
a part  of  the  serum  of  the  blood. 

This  idea  becomes  much  more  probable,  since  we  know  that  the 
artificial  plethora  of  the  sanguiferous  system  much  increases  the 
quantity  of  lymph  contained  by  the  lymphatics. — See  general  con- 
siderations on  the  circulation  of  the  blood. 

The  present  discussion  upon  the  origin  of  lymph  may  appear 

a little  too  long  ; but  it  was  indispensable,  in  order  to  avoid  false 

opinions  upon  the  absorption  of  this  fluid. 

Ateorptiou  must  indeed  have  quite  a different  idea  of  it  from  that  which 

of  lymph.  ^ 

is  found  in  various  physiological  authors,  who  consider  it  merely 
as  the  introduction  of  lymph  into  the  lymphatic  radicles.  But 
what  obscurity  surrounds  this  phenomenon  ! we  are  ignorant  of 
its  cause,  of  its  mechanism,  of  the  disposition  of  the  instruments  by 
which  it  is  performed,  and  even  of  the  circumstances  under  which 
it  takes  place.  Indeed  it  seems  to  be  only  in  particular  cases 
that  the  lymphatics  contain  any  lymph.  This  obscurity  ought  not 
to  surprise  us  ; we  have  already  seen,  and  we  shall  have  occasion 
to  see  again,  more  than  once,  that  it  reigns  over  all  the  pheno- 
mena of  life  to  which  we  cannot  apply  the  laws  of  physics,  mecha- 
nics, or  chemistry,  and  consequently  over  all  those  that  relate  to 
vital  actions,  or  to  nutrition. 
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Course  of  the  Lymph. 

We  have  but  little  to  say  respecting  the  course  of  the  lymph  ; 
authors  scarcely  mention  it,  and  that  in  a very  vague  manner, 
v/hile  our  own  observations  on  this  subject  are  far  from  being  nu- 
n erjus.  This  would  be  a new  and  interesting  subject  of  research. 

According  to  the  general  disposition  of  the  lymphatic  apparatus, 
the  termination  of  the  thoracic  duct,  and  of  the  cervical  trunks  in 
the  subclavian  veins,  the  form  and  arrangements  of  the  valves,  we 
cannot  doubt  that  the  lymph  flows  from  the  different  parts  of  the 
body  from  which  the  lymphatics  arise  towards  the  venous  system  ; 
but  the  particular  phenomena  of  this  motion,  its  causes,  variations, 
&c.  have  not  yet  been  studied.  The  few  remarks  that  I have  had 
leisure  to  make  in  this  respect  are  these. 

A.  In  man  and  living  animals,  the  lymphatics  of  the  extremities, 
of  the  head,  and  the  neck,  rarely  contain  any  lymph  ; their  interior 
surfacè  appears  lubricated  only  by  a very  thin  fluid.  However, 
in  certain  cases  the  lymph  stops  short  in  one  or  several  of  these 
vessels,  distends  them,  and  gives  them  a similar  appearance  to  va- 
ricose veins,  except  the  colour. 

M.  Soemmering  has  seen  several  of  them  in  this  state,  upon  the 
dorsum  of  the  foot  of  a woman  ; and  I have  had  occasion  to  ob- 
serve one  surrounding  the  corona  glandis. 

In  dogs,  cats,  and  other  living  animals,  lymphatic  vessels  are 
more  frequently  found  full  of  lymph  on  the  surface  of  the  liver,  of 
the  gall-bladder,  of  the  vena  cava  inferior,  of  the  vena  porta,  in 
the  pelvis,  and  upon  the  sides  of  the  vertebral  column. 

The  cervical  trunks  are  also  frequently  filled  with  lymph  ; how- 
ever, it  is  not  extraordinary  to  find  them  without  it.  With  regard 
to  the  thoracic  duct,  I never  found  it  empty,  even  when  the  lym- 
phatic vessels  of  the  rest  of  the  body  were  in  a state  of  complete 
vacuity. 

B.  Whence  these  varieties  in  the  presence  of  lymph  in  the 
lymphatic  vessels  ? why  do  those  of  the  abdomen  contain  it  oftener 
than  the  others  ? and  why  does  the  thoracic  duct  contain  it  al- 
ways ? I believe  it  impossible  at  present  to  reply  to  any  of  these 
questions.  The  only  fact  which  I think  I have  observed,  but  which 
I would  not  warrant,  is,  that  the  lymph  is  more  frequently  found 
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in  the  lymphatic  trunks  of  the  neck,  when  animals  have  been  long 
deprived  of  all  food  or  drink. 

C.  The  lymph  becomes  redder  in  dogs,  according  as  abstinence 
is  of  longer  continuation.  In  some,  that  bad  fasted  eight  days,  I 
have  seen  it  nearly  of  the  colour  of  blood.  In  these  cases,  its 
quantity  has  also  appeared  to  me  more  considerable. 

D.  Lymph  appears  to  move  slowly  in  its  vessels.  If  a puncture  is 
made  in  one  of  them  in  a living  man  (I  have  had  occasion  to  perform 
this  only  once),  the  lymph  flows  but  slowly,  and  without  forming  ajet. 
M.  Soemmering  made  a similar  observation  some  time  previously. 

When  the  lymphatic  trunks  of  the  neck  are  full  of  lymph,  they  may 
be  easily  insulated  for  more  than  the  distance  of  an  inch.  The  liquid 
with  which  they  are  filled  may  then  be  observed  to  flow  very  slowly. 
If  they  are  so  compressed  as  to  make  the  lymph  with  which  they 
are  distended  pass  into  the  subclavian  vein,  it  requires  sometimes 
half  an  hour  before  they  fill  again,  and  they  often  remain  empty. 

E.  The  lymphatic  vessels  are  nevertheless  evidently  contractile  ; 
they  often  empty  themselves  when  they  are  exposed  to  the  air.  Pro- 
bably the  reason  why  they  are  almost  always  found  empty,  not  even 
excepting  the  thoracic  duct,  in  animals  recently  dead,  is  because  they 
have  contracted.  This  faculty  is,  no  doubt,  one  of  the  causes  which 
determine  the  introduction  of  lymph  into  the  venous  system.  The 
pressure  that  the  lymphatics  support  by  the  effect  of  the  contractility 
of  tissue  from  the  skin  and  other  organs,  from  muscular  contraction, 
the  pulsation  of  the  arteries,  &c.,  ought  to  be  taken  into  account  in 
explaining  the  progress  of  the  lymph.  This  seems  evident  with 
respect  to  the  lymphatics  contained  in  the  abdominal  cavity. 

Uses  of  the  F.  The  use  of  the  lymphatic  glands  is  completely  unknown,  and, 
glands.  perhaps,  it  is  for  this  reason  they  have  been  the  object  of  so  many 
hypotheses.  They  were  considered  by  Malpighi  as  so  many  little 
hearts,  which  gave  to  the  lymph  its  progressive  motion  ; other  authors 
have  advanced,  that  they  served  to  strengthen  the  subdivisions  of 
the  lymphatic  vessels,  to  imbibe  the  superfluous  humours  like  sponges, 
to  give  a nourishing  juice  to  the  nerves,  to  furnish  the  fat,  &c.  ; 
indeed  every  one  has  given  free  scope  to  his  imagination  *. 

* I omit,  designedly,  the  retrograde  motion  of  the  fluids  in  lymphatic  vessels  ; 
what  Darwin  and  others  have  written  upon  that  subject  seems  quite  fanciful, 
lietrograde  movement  could  only  take  place  in  them  from  the  effect  of  an- 
astonlosis;  and  then  that  retrogression  must  be  very  limited. 
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We  will  say  no  more  upon  the  motion  of  the  lymph  ; it  must 
be  seen  how  much  remains  to  clear  up  this  phenomenon,  and  in 
general  to  investigate  all  those  which  relate  to  the  functions  of  the 
lymphatic  system,  and  to  its  utility  in  the  animal  economy. 

If  our  positive  knowledge  on  this  subject  is  so  limited,  what 
confidence  can  be  given  to  medical  theories  that  treat  of  the  thicken- 
ing of  the  lymph,  of  the  obstruction  and  difficulty  of  the  lymphatic 
glands,  of  the  want  of  action  of  the  absorbent  lymphatic  orifices, 
occasioning  dropsies,  &c.  ; and  how  can  we  determine  to  adminis- 
ter remedies,  which  are  sometimes  violent,  according  to  ideas  of 
this  kind  ? 

The  changes  of  structure  and  volume  which  happen  to  the  lym- 
phatic glands  in  the  progress  of  age,  may  make  us  presume  that 
the  action  of  the  lymphatic  system  undergoes  modifications  in  the 
different  periods  of  life  ; but  nothing  certain  is  known  in  this  respect. 

COURSE  OF  VENOUS  BLOOD. 

The  destination  of  the  function  we  are  about  to  study,  is  to 
transport  venous  blood  from  every  part  of  the  body  to  the  lungs. 

Besides,  the  organs  by  which  it  is  performed,  are  at  the  same 
time  the  principal  agents  of  absorption,  either  in  the  exterior  or  in- 
terior of  the  body  ; the  absorption  of  the  chyle,  of  the  lymph,  and 
that  which  takes  place  at  the  mucous  surface  of  the  lungs,  being 
excepted. 

Circulation  <yf  the  blood. 

Previously  to  this  study,  however,  it  is  absolutely  necessary  circulation 
that  the  reader  have  laid  before  him  a general  view  of  the  circu- 
lation  of  the  blood,  and  of  the  proofs  upon  which  it  is  founded. 

With  these  immutable  principles  fairly  established  in  his  mind,  he 
will  be  delighted  to  trace  this  beautiful  maze  in  its  details,  and 
proceed,  with  easy  apprehension,  to  consider  the  nature  and  course 
of  the  venous  blood,  which  properly  constitutes  the  initial  depart- 
ment of  the  circulation. 

The  circulation  of  the  blood  is  a progressive  motion  along  the 
cavity  of  its  containing  vessels,  by  which  that  fluid  returns  to  the 
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point  from  which  it  set  out.  The  point  may  be  taken  wlierever 
we  please  ; and  this  stupendous  .discovery  of  Harvey  (A.  D.  1619) 
may  therefore  be  described  as  follows  : 

The  blood  is  returned  into  the  right  auricle  from  all  parts  of  the 
body,  by  the  vena  cava  superior,  the  vena  cava  inferior,  the  great 
coronary  vein,  and  probably  also  by  those  smaller  coronary  veins 
named  the  ductus  Thebesii.  The  right  auricle,  distended  by  this 
blood,  is  stimulated,  and  contracts  itself  upon  it  ; and  consequently 
forces  the  greater  part  of  it  through  the  large  orifice,  named  ostium 
venosum,  into  the  right  ventricle  ; a small  portion  flows  back  into 
the  cavae,  but  the  valvular  structure  prevents  any  sensible  portion 
from  entering  the  coronaries.  The  right  ventricle  becoming  now 
similarly  distended,  contracts  ; and,  as  the  tricuspid  valves,  floated 
up  against  the  ostium  venosum  by  the  blood,  do  now  entirely  shut 
that  orifice,  and  protect  it  from  within,  the  blood  of  the  ventricle 
is  forced  into  the  pulmonary  artery  alone,  which  rises  from  its 
basis.  From  the  pulmonary  artery  it  is  completely  prevented 
from  returning  by  the  concurrent  resistance  of  three  semilunar 
valves  which  shut  its  orifice  ; it  therefore  proceeds  into  the  pulmo- 
nary veins,  which  communicate  with  the  artery  at  their  com- 
mencement ; and  with  the  left  auricle  at  their  termination.  Into  this 
auricle,  therefore,  the  blood  of  the  right  ventricle  is  ultimately  re- 
ceived ; and  the  auricle  contracting  upon  it,  forces  a greater  part 
of  it  into  the  left  ventricle  by  the  ostium  arteriosum,  a small  por- 
tion only  of  it  returning  into  the  four  pulmonary  veins,  and  creat- 
ing a slight  pulsation  in  their  trunks.  When  the  principal  portion 
of  the  blood  began  to  enter  the  left  ventricle,  the  orifice  of  the  aorta 
was  shut  against  it  by  the  larger  of  the  mitral  valves  5 but  both 
tliese  valves  being  floated  from  their  original  position  into  the  place 
of  the  ostium  arteriosum,  this  orifice  becomes  completely  shut, 
that  of  the  aorta  completely  open  ; and  the  stimulated  ventricle  pro- 
jects the  blood  with  violence  into  itsgreat  canal.  The  orifice  of 
this  is  now  shut  by  three  strong  semilunar  valves,  which,  like 
those  of  the  pulmonary  artery,  deny  all  reflux  into  the  ventricle. 
The  blood  is  now  projected  along  all  the  branches  of-  the  aorto- 
arterial  system — from  which,  in  the  adult,  about  six  pounds  per 
diem  pass  off  in  secretions,  or  transudations  ; and  the  rest,  as  we 
said  in  the  commencement,  returns  through  the  veins  to  the  right 
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auricle,  by  its  three  great  trunks,  the  coronary,  and  the  two  venae 
cavae,  after  having  by  the  way  gained  as  much  from  the  contribu- 
tions of  the  lymphatic  system,  and  venous  absorption,  as  it  had 
lost  by  secretion  and  transudation  in  the  arteries. 

This  is  the  great  circulation  ; the  lesser  is  merely  that  portion 
of  the  circle  which  traces  the  blood  from  the  right  auricle  to  the 
left.  It  was  discovered  by  Michael  Servetus,  A.  D.  1553. 

The  proofs  of  the  circulation  are  five  : 1st,  the  Valves  ; 2d,  the  Proofs  of  cii- 
Ligature  ; 3d,  Wounds  ; 4th,  the  Microscope  ; 5th,  Injection. 

The  force  with  which  blood  springs  forth  from  a wounded  ves- 
sel, whether  vein,  heart,  artery,  or  lymphatic,  sufficiently  evinces 
the  constant  and  vehement  motion  of  that  fluid  within  its  contain- 
ing tubes.  The  same  thing  is  proved  by  the  force  with  which  the 
latter  pulsate  in  an  animal,  as  long  as  we  allow  them  to  be  dis- 
tended with  blood.  Now,  the  position  of  the  valves  affords  an  ir- 
refragable demonstration,  that  the  whole  of  this  motion  is  propa- 
gated in  one  direction  only  ; for  the  valves  of  the  veins  and  lym- 
phatics shut  these  canals  completely  in  the  direction  which  leads 
towards  their  small  extremities  or  origins  ; but  afford  a free  unin- 
terrupted motion  to  their  own  trunks,  and  finally,  to  the  right 
cavities  of  the  heart.  But  the  valves  of  the  heart  open  onwards 
in  the  same  direction  with  these,  and  allow  of  no  reflux  towards 
the  veins  ; though  they  readily  open  a passage  for  the  blood  into 
the  arteries.  Again,  the  valves  at  the  origin  of  the  trunks  of  the 
two  great  arteries,  deny  all  regress  into  the  heart,  but  offer  no  re- 
sistance to  the  process  of  their  blood  in  the  arterial  branches. 

These  communicate  with  the  veins  ; and  hence  a particle  of  blood 
set  in  motion  in  any  part  of  a vein,  must  of  necessity,  move  on- 
wards towards  the  heart  ; from  the  heart  into  the  arteries,  and 
from  the  arteries  onwards  to  the  veins  again  ; thereby  completing 
a circle  in  its  course,  such  as  we  imply  by  the  term  circulation. 

If  a ligature  be  made  to  shut  the  canal  of  an  artery,  the  artery 
swells  above  the  ligature  ; but  if  it  shut  a vein,  the  vein  swells  be- 
loiv  the  ligature.  The  artery  swells  above  the  ligature,  because 
the  blood  keeps  flowing  on  from  the  heart  towards  that  impedi- 
ment, which  it  cannot  pass  ; and  for  a contrary  reason,  the  blood 
becomes  accumulated  in  the  vein  at  the  side  of  the  ligature  nearest 
to  its  branches.  Hence  it  follows,  that  the  blood  of  the  arteries 


330 


COMPENDIUM  OF  PHYSIOLOGY. 


âow8  from  trunks  to  branches  ; the  blood  of  the  veins  from  branches 
to  trunks,  and  can  only  meet  through  the  heart  and  lungs,  and 
consequently  performs  a circulation. 

If  we  cut  across  an  artery,  it  continues  to  bleed  from  the  end 
next  the  heart  ; if  a vein,  it  bleeds  from  the  end  farthest  from  the 
heart.  Hence  the  same  conclusion  as  that  just  drawn.  More- 
over, if  we  compress  the  superBcial  veins,  as  in  bleeding,  by  a slack 
ligature,  'provided  that  it  does  not  obstruct  the  corresponding  artery, 
the  veins  swell  largely,  and  continue  to  bleed,  below  the  ligature  : 
which  proves  the  communication  of  arteries  and  veins,  the  course 
of  the  blood  in  each,  and  consequently,  the  circulation. 

The  microscope  shews  us,  in  the  animals  of  pellucid  tissues,  the 
blood  flowing  freely,  and  constantly,  from  the  arteries  into  the 
veins.  Even  the  naked  eye  can  see  the  wave  of  blood  passing 
from  the  heart  into  the  aorta  of  the  frog,  in  a uniform  rhythm  with 
the  pulsations.  But  if  blood  flows  from  heart  to  arteries,  from 
arteries  to  veins — and  as  it  does  not  accumulate  in  veins,  from 
these  to  the  heart,  it  moves  in  a circle. 

By  injecting  any  foreign  substance  into  the  jugular  vein,  or  indeed 
into  any  other  vein  of  an  animal,  we  may  afterwards  detect  the  same 
by  its  effects,  at  any  other  point  of  the  vascular  system.  This  proves 
the  continual  passage  of  the  blood  of  every  one  part,  through  every 
other  part,  of  the  vascular  system,  which,  being  furnished  with 
valves  opening  only  in  the  direction  which  we  have  described,  can 
merely  admit  of  that  periodical  motion  which  usually  bears  the 
name  of  circulation.  If  the  matter  injected  be  of  a pharmacologic 
nature,  we  denominate  the  process  Infusion  ; if  it  be  the  blood  of 
another  animal,  we  name  it  Transfusion  ; if  it  be  the  blood  of 
another  system  of  vessels,  as  in  the  artifices  of  Bichât,  but  belong 
to  the  same  animal,  it  may  be  called  Interfusion.  When  evidence 
is  deduced  after  death,  from  easy  communication  of  fluids  among 
the  different  parts  of  the  circulating  system,  the  process  still  re- 
tains the  general  name  of  Injection. 


Of  the  venous  blood. 

This  name  is  given  to  the  animal  liquid  contained  in  the  veins, 
the  right  side  '.of  the  heart,  and  the  pulmonary  artery  ; organs 
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which,  by  their  union,  form  the  apparatus  proper  to  the  circula- 
tion of  venous  blood. 

This  liquid  is  of  a dark  red  colour,  so  deep  that  the  epithet  of 
black  blood  has  been  given  to  it  : its  colour  is  less  deep  in  certain  blood, 
cases,  and  perhaps  even  scarlet.  Its  odour  is  insipid,  and  sui  ge- 
neris ; its  taste  is  also  peculiar  ; however,  it  is  known  to  contain 
salts,  and  principally  the  muriate  of  soda.  Its  specific  gravity 
is  a little  more  than  that  of  water.  Haller  found  its  medium  as 
P0527  : 1*0000.  Its  capacity  for  caloric  may  be  expressed  by 
934),  that  of  arterial  blood  being  921.“  Its  mean  temperature  is 
102°  of  Fahrenheit.’^ 

Seen  through  the  microscope  whilst  still  circulating  in  the  vessels, 
venous  blood  presents  a vast  number  of  small  globules,  of  which 
the  form  and  structure  have  been  carefully  examined  by  MM. 

Prévost  and  Dumas. 

Venous  blood,  being  extracted  from  its  proper  vessels,  and  left  coagulation 

. ■ r /-  !•  °^  venous 

to  itself,  m a short  tune  forms  a soft  mass  ; this  mass  separates  blood. 

spontaneously  into  two  parts,  the  one  liquid,  yellowish,  transparent, 

called  serum  : the  other  soft,  almost  solid,  of  a deep  brown  red, 

entirely  opaque  : this  is  the  cruor,  crassamentum,  or  clot.  This 

occupies  the  bottom  of  the  vessel;  the  serum  is  placed  above. 

Sometimes  a thin  layer  forms  at  the  top  of  the  serum,  which  is 

soft  and  reddish,  and  to  v/hich  has  been  very  improperly  given  the 

name  of  rind,  buff,  or  crust  of  the  blood. 

At  the  moment  of  coagulation,  the  blood  disengages  small  bubbles 
of  gas,  which,  in  coming  to  the  surface,  hollow  out  for  themselves 
a little  channel,  or  tube,  across  the  clot.  This  phenomenon  is  most 
apparent  in  a vacuum. 

This  spontaneous  separation  of  the  elements  of  the  blood  does 
not  take  place  quickly,  except  when  it  is  in  repose.  If  it  is  agi- 
tated it  remains  liquid,  and  preserves  its  homogeneity  much  longer. 

If  the  venous  blood  is  placed  in  contact  with  the  atmosphere,  or  chemical  pro- 

. , . , -I-  1 1 .1  . pertiesofthe 

With  oxygen  gas,  it  takes  a vermilion  red  colour  ; with  ammonia  Wood, 
it  becomes  cherry  red  ; with  azote  a deeper  brown  red,  &c.  * In 
changing  colour  it  absorbs  a considerable  quantity  of  these  difier- 


* For  the  changes  of  colour  from  other  gases,  see  Thcnard’s  Chemistry, 
vol.  iii.  p.  513;  Thomson’s  Chemistry,  vol.  iv.  p.  226. 
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ent  gases  ; it  exhales  a considerable  quantity  of  carbonic  acid,  when 
kept  some  time  under  a bell-glass  over  mercury.  M.  Vogel  has 
I’ecently  made  some  new  researches  on  this  subject  *. 

Serum  is  a transparent  liquid,  slightly  yellow,  which  it  owes  to 
a colouring  matter  : its  odour  and  taste  resemble  the-  odour  and 
taste  of  the  blood;  its  alcalinity  is  very  distinct.  At  158°  F.  it 
runs  into  a solid  mass,  like  albumen,  and  forms,  in  coagulating, 
numerous  small  cells,  which  contain  a matter  very  analogous  to 
mucus.  It  still  preserves  its  property  of  coagulating  into  a mass, 
though  diluted  with  a large  proportion  (nearly  eight  times  its  vo- 
lume) of  water.  According  to  M.  Brande,  the  serum  is  almost 
pure  albumen,  united  to  soda,  which  holds  it  liquid.  Consequent- 
ly, any  agent  which  removes  the  soda  from  the  serum  may  produce 
coagulation  ; and  by  the  action  of  heat,  soda  transforms  a part  of 
the  albumen  into  mucus.  The  action  of  the  galvanic  pile  coagu- 
lates the  serum,  and  developes  globules  which  have  a great  affinity 
with  those  of  the  blood. 

Composition  According  to  M.  Berzelius,  1000  parts  of  the  serum  of  human 

of  serum  of  , , , 

blood.  blood  contain, — 


Serum  of  blood. 


Water,  

903-0 

Albumen,  . 

80-0 

Substances  i 

1 Lactate  of  soda  and  extrac- 

) 

soluble  in  -! 

tive  matter,  

4 

V 10-0 

alcohol,  1 

[ IMuriate  of  soda,  and  potass. 

C 

f 

Substances  | 

f Soda  and  animal  matter,  . . . 

soluble  in  < 

Phosphate  of  soda, 

4 

[ 7-0 

water,  1 

[Loss,  

3 

i 

Total, 

1000-0 

The  serum  sometimes  presents  a whitish  tint,  as  if  milky,  which 
has  made  it  be  supposed  that  it  contained  chyle  : it  appears  to  be 
a fatty  matter  which  gives  it  this  appearance  t. 

• Annales  de  Chémie,  1816. 

*|-  Dr  Ewart  Traill  has  analyzed  the  serum  of  the  blood  of  an  individual 
labouring  under  acute  hepatitis,  and  found  in  100  grains  of  serum,— 


Water, 78.9 

Albumen, 15'7 

Oil, 4-5 

Salts, 09 
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The  clot  of  the  blood  is  essentially  formed  of  fibrin,  and  colour- 
ing matter. 

The  fibrin,  separated  from  the  colourine-  matter,  is  whitish,  insi-  Chemical 

* , , compovsition 

pid,  and  inodorous;  heavier  than  water,  witliout  action  upon  vege-  of  the  dot. 
table  colours  ; elastic  when  humid,  it  becomes  brittle  by  being  dried. 

In  distillation  it  gives  out  a great  deal  of  carbonate  of  ammonia, 
and  a vast  quantity  of  carbon,  the  ashes  of  which  contain  much 
phosphate  of  lime,  a little  phosphate  of  magnesia,  carbonate  of  lime, 
and  carbonate  of  soda.  A hundred  parts  of  fibrin  are  composed  of — 


Carbon,  

Oxygen, 

Hydrogen, 

7-021 

Azote,  

Total,  .. . 

The  colouring  matter  is  soluble  in  water,  and  in  the  serum  of  colouring 
the  blood.  Dried  and  calcined  afterwards  in  contact  with  the  air,  t’^eWoodf 
it  melts,  swells  up,  burns  with  a flame,  and  yields  a charcoal  which 
can  only.be  reduced  to  ashes  with  extreme  difficulty.  This  coal 
furnishes,  during  its  combustion,  ammoniacal  gas,  and  it  gives  the 
hundredth  part  of  its  weight  of  ashes,  composed  nearly  of — 


Oxide  of  Iron, 65-0 

Phosphate  of  lime,  with  phos- 
phate of  magnesia,  a trace,  . . . 8-5 

Pure  lime, 17'5 

Carbonic  acid,  19-5 


It  is  of  importance  to  remark,  that  in  none  of  the  parts  of  the  Chemical 

^ , - . * composition 

blood  are  any  gelatine  or  phosphate  of  iron  found,  as  was  at  first  ofthe  blood, 
supposed  *. 

The  respective  relations  in  quantity  of  the  serum  to  the  coagu- 
lum,  and  those  of  the  colouring  matter  to  the  fibrin,  have  not  yet 
been  examined  with  all  the  care  necessary.  It  is  to  be  presumed, 
as  we  shall  see  afterwards,  that  they  are  variable  according  to  an 
infinity  of  circumstances. 


• These  salts  were  9'7  muriates  ; 0*2  lactates  ; the  serum  was  of  the  co- 
lour of  gruel,  and  resembled  an  emulsion. 
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Causes  of  the 
coagulation  of 
the  blood< 


Phenomena 
of  the  coagu- 
lation of 
blood. 


The  coagulation  of  the  blood  has  been,  by  turns,  attributed  to 
refrigeration,  to  the  contact  of  the  air,  to  the  state  of  repose,  &c.  ; 
but  J.  Hunter  and  Hewson  have  demonstrated  by  experiments 
that  this  phenomenon  cannot  be  attributed  to  any  of  these  causes. 
Hewson  took  fresh  blood,  and  froze  it,  by  exposing  it  to  a low 
temperature.  He  afterwards  thawed  it  : the  blood  appeared  fluid 
at  first,  and  shortly  afterwards  it  coagulated  as  usual.  An  expe- 
riment of  the  same  kind  was  made  by  J.  Hunter,  with  a similar 
result.  Thus  blood  does  not  coagulate  because  it  is  cooled.  It 
even  appears  that  a temperature  a little  elevated  is  favourable  to 
its  coagulation.  We  also  know  by  experience  that  blood  thickens 
when  it  is  deprived  of  the  contact  of  the  air,  and  agitated  ; its  coa- 
gulation is,  however,  generally  favoured  by  repose  and  the  contact 
of  air. 

But  instead  of  attributing  the  coagulation  of  the  blood  to  any 
physical  influence,  on  the  contrary,  it  ought  to  be  considered  as 
essentially  vital;  that  is,  as  giving  a demonstrative  proof  that  blood 
is  endowed  with  life.  We  shall  very  soon  see  of  what  importance 
this  property  of  coagulation  possessed  by  the  blood,  and  other  li- 
quids, is,  in  many  phenomena  of  nutrition. 

To  obtain  a more  precise  idea  of  the  coagulation  of  venous  blood, 
I placed  a drop  of  this  fluid  in  the  focus  of  a compound  microscope. 
It  appeared  like  a red  mass  as  long  as  it  was  liquid  ; but  tbe 
edges  became  transparent  and  granular,  as  soon  as  it  began  to  coa- 
gulate ; the  solid  part,  almost  opaque,  formed  an  infinity  of  little 
meshes,  or  cells,  that  contained  the  liquid  portion,  which  was  much 
more  transparent  : this  disposition  gave  the  granular  appearance 
to  the  edge  of  the  drop  of  blood.  The  meshes  gradually  became 
larger  by  the  contraction  of  the  solid  parts  ; in  many  parts  they 
disappeared  entirely,  and  there  remained  between  the  exterior  cir- 
cumference of  the  drop  of  blood,  and  the  edge  of  the  central  clot, 
only  arborizations,  quite  similar  to  those  that  we  have  described  in 
the  lymph.  Their  divisions  communicated  with  each  other  like 
those  of  the  vessels  or  nerves  of  leaves.  These  observations  must 
be  made  with  a diffuse,  or  artificial  light,  for  the  direct  light  of  the 
sun  dries  it  without  producing  coagulation. 

In  many  circumstances,  blood  coagulates  though  contained  in  its 
own  proper  vessels  ; but,  in  general,  this  phenomenon  belongs  to 
a state  of  sickness. 
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Some  authors  thought  they  had  remarked  that  blood  became 
hotter  by  coagulation  ; but  J.  Hunter,  and  recently  M.  J.  Dary, 
have  proved  that  there  is  no  elevation  of  temperature.® 

At  the  period  when  galvanism  was  much  treated  of  in  France,  Experiments 

it  was  advanced,  that,  taking  a portion  of  clot  recently  formed,  fiSSn  of  the 

.....  1 . • blood# 

and  submitting  it  to  a galvanic  current,  it  was  seen  to  contract 

like  muscular  fibres  : I have  often  tried  to  produce  this  elFect,  by 
submitting  to  the  action  of  the  pile  portions  of  coagulum  at  the 
instant  of  formation  ; but  I never  saw  any  thing  of  this  kind.  I 
varied  these  trials  in  different  ways  without  success.  I lately  re- 
peated this  experiment  along  with  M.  Biot,  and  the  result  was  the 
same. 

The  elements  of  venous  blood,  such  as  we  have  noticed,  are 
known  by  its  analysis  ; but  as  all  the  matters  absorbed  from  the 
intestinal  canal,  the  serous  membranes,  the  cellular  tissue,  &c.  are 
immediately  mixed  with  the  venous  blood,  the  composition  of  this 
liquid  must  vary  ii\  proportion  to  the  matter  absorbed.  There 
will  be  found  in  it,  in  different  circumstances,  alcohol,  ether,  cam- 
phor, and  salts,  which  it  does  not  usually  contain,  &c.  when  these 
substances  have  been  submitted  to  absorption  in  any  part  of  the 
body. 

The  greater  or  less  rapidity  with  which  the  blood  freezes,  the 
solidity  of  the  coagulum,  the  separation  of  the  serum,  the  formation 
of  an  albuminous  stratum  at  its  surface,  its  particular  temperature, 
either  in  the  vessels  or  out  of  them,  &c.  are  so  many  phenomena 
that  we  shall  examine  when  at  the  article  Arterial  Blood. 

Apparatus  of  circulation  of  the  venous  blood. 

This  apparatus  is  composed,  1st,  Of  veins  ; 2d,  Of  the  right 
auricle  and  ventricle  of  the  heart  ; 3d,  Of  the  pulmonary  artery. 

Of  veins. 

The  dispositions  of  the  veins  in  the  tissue  of  organs  cannot  be  of  veins, 
traced  by  the  senses. 

When  they  are  first  seen,  they  appear  in  the  form  of  an  exces- 
sive number  of  small  canals  of  an  extreme  tenuity,  frequently 
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communicating  with  each  other,  and  forming  a sort  of  nets  with 
small  meshes  ; the  veins  soon  augment  in  volume,  preserving  thé 
reticular  form.  In  this  way  they  form  vessels,  of  which  the  capa- 
city, the  form,  and  disposition,  vary  according  to  each  tissue,  and 
even  according  to  each  organ. 

Some  organs  appear  almost  entirely  formed  of  venous  radicles; 
such  are  the  spleen,  the  corpora  cavernosa  penis,  the  clitoris,  the 
mammilla,  the  iris,  the  urethra,  the  glans  penis,  &c.  When  an  in- 
jection is  thrown  into  one  of  the  veins  which  proceed  from  the 
different  tissues,  they  arc  completely  filled  with  the  injected  mat- 
ter ; which  rarely  happens  when  an  injection  is  thi  own  into  the 
arteries.  An  incision  in  the  same  parts  in  man,  or  in  the  living 
animals,  produces  a flow  of  blood  which  has  all  the  appearances  of 
venous  blood  *. 

Origin  of  the  The  venous  radicles  are  continuous  with  the  arteries  and  lym- 
phatic vessels  : anatomy  removes  every  doubt  in  this  respect  ; but 
those  extremities,  the  disposition  of  which  is  unknown,  appear  also 
to  open  at  the  different  surfaces  of  the  membranes,  of  the  cellular 
tissue,  and  even  in  the  parenchyma  of  the  organs. 

M.  llibes  having  injected  mercury  into  one  of  the  branches  of 
the  vena  porta,  he  saw  the  villi  of  the  intestinal  mucous  membrane 
become  filled  vvdth  this  metal,  and  it  afterwards  passed  into  the 
intestinal  cavity.  In  blowing  air  into  the  veins  from  trunks  to 
branches,  and  forcing  the  resistance  of  the  valves  (which  is  very 
easy  in  dead  bodies  in  which  putrefaction  has  begun),  the  same 
anatomist  always  saw  the  air  open  with  the  greatest  facility  into 
the  cellular  tissue,  though  there  was  no  sensible  rupture  in  the 

' sides  of  the  veins.  I have  made  similar  remarks  in  injecting  air  or 

other  fluids  into  the  veins  of  the  heart.  These  facts,  which  were 
before  my  experiments  upon  the  absorption  of  the  veins,  and  which 
I shall  soon  mention,  agree  perfectly  well  with  them. 

The  veins  of  the  brain  surround  it  every  where,  form  a great 
part  of  the  pia  mater,  penetrate  into  the  ventricles,  where  they 
contribute  to  the  formation  of  the  plexus-choroides,  and  the  tela 
choroides  ; those  of  the  testicle  represent  a very  fine  network. 


• The  communication  of  the  cavernous  tissue  of  the  penis  with  the  veins, 
is  made  by  openings  of  one-sixth  to  one-eighth  of  an  inch  in  diameter. 
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which  covers  the  spermatic  vessels  : those  of  the  kidneys  are  short 
and  large. 

The  veins,  abandoning  the  organs  in  their  direction  towards  the  Passageof 

“ ° 1 1 TO'  r u veins. 

heart,  effect  other  dispositions  which  are  very  different.  In  the 
brain  they  are  lodged  between  the  plates  of  the  dura  mater,  are 
protected  by  them,  and  have  the  name  of  sinus.  In  the  spermatic 
cord  they  are  flexuous,  they  frequently  anastomose,  and  form  the 
corpus  pampiniforme.  Around  the  vagina  they  constitute  the 
corpus  retifcrme.  In  the  uterus  they  are  very  voluminous,  and 
present  frequent  tortuosities.  In  the  members,  in  the  head,  and 
the  neck,  they  may  be  divided  into  those  which  are  deep,  and  those 
which  are  superficial  ; the  one  sort  accompany  the  arteries,  the 
others  are  placed  immediately  under  the  skin,  amongst  the  lympha- 
tic trunks  that  are  there. 

In  proportion  as  the  veins  remove  from  the  organs,  and  approach 
the  heart,  their  number  diminishes,  and  they  increase  in  size  ; so 
that  the  innumerable  veins  of  the  body  all  terminate  in  the  right 
auricle  of  the  heart  by  three  trunks,  the  superior  and  inferior  vena 
cava,  and  the  coronary  vein. 

I have  said  that  the  small  veins  communicate  with  each  other  by  Anastomo- 
, . . . . .11  . ses  of  the 

frequent  anastomoses  ; this  disposition  also  exists  in  the  large  veins,  veins. 

and  in  the  venous  trunks. 

The  superficial  trunks  of  the  members  communicate  with  the 
deep  veins,  the  exterior  veins  of  the  head  with  those  of  the  inte- 
rior, the  external  jugulars  with  the  internal,  the  superior  vena  cava 
with  the  inferior,  &c.  These  anastomoses  are  advantageous  to  the 
flow  of  blood  in  these  vessels. 

Many  veins  present  in  their  cavity  folds  of  a parabolic  form, 
called  valves.  They  have  two  edges  and  two  free  surfaces  ; the 
one  edge  adheres  to  the  side  of  the  vein,  the  other  is  at  liberty. 

The  first  is  farthest  from  the  heart,  the  other  nearer. 

The  number  of  valves  is  not  every  where  the  same.  They  are 
generally  more  numerous  where  the  blood  flows  contrary  to  the 
force  of  its  own  weight,  where  the  veins  are  very  extensible,  and 
have  only  a slight  pressure  to  support  from  the  surrounding  parts  : 
on  the  contrary,  they  are  wanting  in  those  parts  where  the  veins 
are  exposed  to  a habitual  pre.ssure  that  favours  the  circulation  of 
the  blood,  and  in  those  that  are  contained  in  canals  that  are  not 
extensible.  They  are  rarely  found  in  veins  that  have  less  than  a 
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line  in  diameter.  Sometimes  the  valves  are  so  gi-eat  as  entirely  to 
shut  the  canal  represented  by  the  vein,  and  at  other  times  they  are 
evidently  too  small  to  produce  this  effect.  Anatomists  thought 
that  this  disposition  depended  upon  the  primitive  organization;  but 
Bichât  thinks  that  it  depends  entirely  upon  the  state  of  pressure 
or  dilatation  of  the  veins  at  the  instant  of  death. 

I have  endeavoured  to  ascertain  the  accuracy  of  Bichat’s  idea, 
but  I own  that  I cannot  possibly  believe  it.  I have  not  found  that 
the  distention  of  the  veins  has  any  influence  upon  the  size  of  the 
valves  : on  the  contrary,  it  appears  to  remain  always  the  same  ; 
but  the  form  changes  by  the  state  of  pressure  or  dilatation,  and 
this  probably  deceived  Bichât. 

The  sides  of  the  veins  are  formed  of  three  interposed  mem- 
branes ; the  outer  one  is  cellular,  dense,  and  difficult  to  break. 
If  we  can  believe  anatomical  works,  that  which  follows  is  formed 
of  fibres  placed  in  a parallel  direction  along  the  vessel,  and  so  much 
the  more  easily  seen  as  the  vessel  is  larger  and  more  contracted. 
I have  vainly  endeavoured  to  discover  the  fibres  of  the  middle 
membrane  of  the  veins  ; I have  always  observed  filaments  extreme- 
ly numerous,  interlaced  in  all  directions,  and  which  take  the  ap- 
pearance of  longitudinal  fibres  when  the  vein  is  gathered  up 
lengthways, — a disposition  which  is  frequently  seen  in  the  large 
veins. 

The  subcutaneous  veins  of  the  members,  the  sides  of  which  are 
very  thick,  are  those  in  which  the  disposition  of  this  membrane 
may  be  studied  with  most  facility. 

The  chemical  nature  of  the  fibrous  layer  of  the  large  veins  is 
unknown.  According  to  some  trials,  I suspect  that  it  is  fibrinous. 
It  is  extensible  and  resisting  : in  other  respects,  it  presents  no 
property  in  the  living  animal  that  can  make  it  any  thing  like  the 
muscular  fibres.  Being  irritated  with  the  point  of  a scalpel,  sub- 
mitted to  a galvanic  current,  &c.  it  presents  no  sensible  contrac- 
tion *. 

The  third  membrane  of  the  veins,  or  the  internal  tunic,  is  ex- 


• Notwithstanding  these  facts,  which  any  one  may  verify  at  pleasure,  some 
persons  still  maintain,  that  the  veins  are  not  only  elastic,  but  are  also  con- 
tractile in  another  way  : this  last  property  attributed  to  the  veins  seems  a 
mere  chimera. 
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treraely  thin,  and  very  smooth  upon  the  surface  which  is  in  con- 
tact with  the  blood.  It  is  very  flexible,  very  extensible,  and  it 
nevertheless  presents  a considerable  resistance  ; for  example,  it 
supports  without  breaking  the  pressure  of  a strongly  drawn  liga- 
ture. 

Some  veins,  such  as  those  of  the  cerebral  sinuses,  the  venous 
canals  of  the  bones,  the  super-hepatic  veins,  have  their  sides  form- 
ed by  this  membrane  only,  and  they  are  almost  entirely  deficient 
of  the  two  others. 

The  three  tunics  united  form  a very  elastic  tissue.  In  whatever  physical  pro- 
direction  a vein  is  stretched,  it  assumes  immediately  its  primitive  vei^?  ° ^ ^ 
form,  and  I do  not  know  upon  what  foundation  Bichât  advanced 
that  they  do  not  possess  elasticity  : it  is  very  easy  to  ascertain  that 
they  possess  this  property  in  a very  high  degree. 

Another  mechanical  property  which  the  parietes  of  the  veins  ex- 
hibit in  an  eminent  degree,  is  that  of  imbibition^  ; in  this  respect, 
both  after  death  and  during  life,  they  act  like  sponges  with  very 
fine  cells,  and  become  filled  with  every  sort  of  liquid  with  which 
they  are  brought  in  contact. 

A considerable  quantity  of  small  arteries,  of  small  veins,  and 
some  filaments  of  the  great  sympathetic,  are  spread  over  the  veins  ; 
theyare  also  subject  to  morbid  derangements  which  happen  in  the 
animal  economy.  They  sometimes  appear  inflamed.** 

Of  the  right  cavities  of  the  heart. 

The  heart  is  too  well  known  for  it  to  be  necessary  to  insist  long  Right  auricle 
upon  its  form  and  structure.  I shall  merely  notice  the  principal 
circumstances.  In  man,  in  mammiferous  animals,  and  birds,  it  is 
formed  of  four  cavities,  two  superior,  or  auricles,  and  two  inferior, 
or  ventricles.  The  left  auricle  and  ventricle  belong  to  the  appara- 
tus of  the  circulation  of  the  arterial  blood  ; the  right  auricle  and 
ventricle  make  a part  of  that  of  the  venous  blood. 

The  form  of  the  right  auricle  is  difficult  to  explain  : its  greatest 
diameter  is  transverse  : its  cavity  presents,  behind,  the  orifices  of 
the  two  venae  cavae,  and  that  of  the  coronary  vein  : it  exhibits  a 
small  hollow  within  called  the  fossa  ovalis,  indicating  the  place 
which  the  foramen  ovale  occupied  in  the  fetus.  The  auricle  dis- 
plays below  a large  opening,  which  leads  to  the  right  ventricle 
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The  internal  surface  of  the  auricle  presents  its  columnae  carneae, 
that  is,  an  infinite  number  of  prolongations,  rounded  or  flat,  cross- 
ed in  every  direction,  so  as  to  present  a sort  of  areolar,  or  spongy 
tissue,  spread  over  the  internal  surface  of  the  auricle,  and  forming 
a layer,  more  or  less  thick,  upon  its  surface. 

In  the  place  where  the  vena  cava  joins  the  auricle,  there  is 
sometimes  a fold  observed  upon  the  internal  membrane,  called  the 
valve  of  Eustachius. 

The  right  ventricle  has  a larger  cavity  and  thicker  sides  than  the 
auricle  ; its  form  is  a triangular  prism,  the  base  of  which  corre- 
sponds with  the  auricle  and  the  pulmonary  artery,  and  the  top  to 
the  point  of  the  heart  : all  its  surface  is  covered  with  projections 
long  and  cylindrical,  which  are  also  coWeà  Jleshy  columns,  or  colum- 
nae carneae  ; their  disposition  is  very  irregular.  Like  those  of  the 
auricle,  they  form  a hollow  or  reticular  tissue  in  the  whole  length 
of  the  ventricle,  and  particularly  towards  the  point. 

The  columns  of  the  ventricle,  being  generally  larger  than  those 
of  the  auricle,  produce  a network  with  broader  meshes-  Some 
of  them  that  spring  from  the  surface  of  the  ventricles,  terminate  by 
forming  one  or  several  tendons,  which  are  attached  to  the  free 
edge  of  the  tricuspid  valve,  placed  at  the  opening  by  which  the 
auricle  and  ventricle  communicate.  The  orifice  of  the  pulmonary 
artery  is,  beside  this,  a little  to  the  left. 

The  sides  of  the  auricle  and  ventricle  are  formed  of  three  layers  : 
the  one  exterior,  of  a serous  nature  ; the  other  interior,  similar  to 
the  internal  membrane  of  the  veins  ; and  the  middle  one  of  a mus- 
cular nature,  essentially  contractile.  This  layer  is  thin  in  the  auri- 
cle, but  much  thicker  in  the  ventricle. 

The  arrangement  of  the  innumerable  fibres  of  which  it  is  com- 
posed is  very  difficult  to  unravel.  Many  estimable  authors  have 
made  them  a particular  object  of  study  ; but  notwithstanding  their 
patience  and  address,  the  disposition  of  these  fibres  is  still  very  little 
known  : happily  there  is  no  necessity  to  have  a perfect  idea  of 
them,  in  order  to  comprehend  the  action  of  the  auricle,  and  that  of 
the  ventricle. 

The  heart  has  arteries,  veins,  and  lymphatic  vessels  ; its  nerves 
come  from  the  great  sympathetic,  and  spread  either  on  the  parie- 
tes  of  the  arteries,  or  on  the  muscular  tissue. 
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Of  the  pulmonary  artery. 

It  arises  ft’om  the  right  ventricle,  and  goes  to  the  lungs.  At  first 
it  forms  only  one  trunk  ; very  soon  it  is  divided  into  two  branches, 
one  of  which  goes  to  the  right  side  of  the  lungs,  and  the  other  to 
the  left.  Each  of  these  branches  is  divided  and  subdivided,  to  such 
a degree  as  to  form  an  immense  multitude  of  small  vessels,  the 
tenuity  of  which  is  almost  beyond  the  reach  of  the  senses. 

The  divisions  and  subdivisions  of  the  pulmonary  artery  are  re- 
markable, by  forming  no  communication  with  each  other  until  they 
have  become  excessively  minute.  The  last  divisions  ai'e  an  im- 
mediate continuation  of  the  radicles  of  the  pulmonary  veins  ; they 
commence  at  what  is  named  the  capillary  vessels  of  the  lungs, 
which  are  completed  by  the  radicles  of  the  veins  which  pass  from 
the  lung  to  the  heart.  The  caliber  of  these  vessels  scarcely  suf- 
fices to  allow  the  globules  of  the  blood  to  pass  through  only  jjjq 
of  an  inch  in  diameter,  and  appears  to  preserve  a constant  ratio  to 
the  natural  viscidity  of  the  blood  ; so  much,  indeed,  that  if  the 
latter  is  augmented  or  diminished,  there  results  from  thence  serious 
disturbance  to  the  passage  of  the  blood  along  the  capillaries  of  the 
lungs. 

The  pulmonary  artery  is  formed  of  three  tunics  ; the  one  exte- 
rior, very  strong,  and  of  a cellular  nature  ; the  other  internal,  very 
smooth  on  its  internal  surface,  and  always  lubricated  by  a very  thin 
fluid  ; and  a middle  one,  with  circular  fibres,  very  elastic,  that  has 
been  long  supposed  muscular,  but  which  possesses  nothing  of  this 
character. 

Its  chemical  nature  has  lately  been  determined  with  precision  by 
M.  Chevreiil.  It  is  formed  of  the  yellow  elastic  tissue,  a proximate 
principle  entirely  distinct  from  all  others.  It  is  to  this  tissue  chiefly 
that  the  artery  owes  its  elasticity  ; but  that  property  is  only  main- 
tained in  so  far  as  the  tissue  is  penetrated  with  water  ; when  it  is 
deprived  of  this  during  any  time,  it  becomes  friable.  It  is,  there- 
fore, very  probable  that  the  yellow  membrane  of  the  pulmonary 
artery  is  constantly  imbibing  from  the  watery  portion  of  the  blood 
which  traverses  it  ; and  that  it  thus  preserves  the  great  elasticity 
by  which  it  is  distinguished. 

The  tissue  of  the  parietes  of  the  pulmonary  artery  and  capillaries 
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easily  imbibes  all  matters  with  which  they  are  brought  in  contact. 
Like  all  membranes,  they  readily  permit  gases  to  traverse  their 
substance. 


Course  of  the  venous  blood. 

The  best  informed  physiologists  avow  that  the  circulation  of  the 
venous  blood  is  still  very  little  understood.  We  shall  describe 
here  only  its  most  apparent  phenomena,  leaving  the  most  delicate 
questions  until  we  treat  of  the  relation  of  the  flowing  of  the  blood 
in  the  veins  with  that  in  the  arteries.  We  will  then  speak  of  the 
cause  that  determines  the  entrance  of  the  blood  into  the  venous 
radicles. 

To  have  a general  but  just  idea  of  the  course  of  the  blood  in 
the  veins,  we  must  consider  that  the  sum  of  the  small  veins  forms 
a cavity  much  larger  than  that  of  the  larger  but  less  numerous 
veins,  into  which  they  pass  ; that  these  bear  the  same  relation  to 
the  trunks  in  which  they  terminate  : consequently,  the  blood  which 
flows  in  the  veins  from  branches  towards  the  trunks,  passes  always 
from  a larger  to  a smaller  cavity  : now,  the  following  principle  of 
hydrodynamics  may  here  be  perfectly  applied. 

When  a liquid  flovos  in  a tube  which  it  fils  completely,  the 
quantity  of  this  liquid  which  traverses  the  different  sections  of  the 
tube,  in  a given  time,  ought  to  be  every  where  the  same  ; conse- 
quently, when  the  tube  increases,  the  velocity  diminishes  ; when 
the  tube  diminishes,  the  velocity  increases  in  rapidity. 

Experience  confirms  this  principle,  and  its  just  application  to 
the  current  of  venous  blood.  If  a very  small  vein  is  cut,  the 
blood  flows  from  it  very  slowly  ; it  flows  quicker  from  a larger 
vein,  and  it  flows  with  considerable  rapidity  from  an  open  venous 
trunk. 

Generally  there  are  several  veins  to  transport  the  blood  that  has 
traversed  an  organ  towards  the  large  trunks.  On  account  of  their 
anastomoses,  the  compression  or  ligature  of  one  or  several  of  these 
veins  does  not  prevent  or  diminish  the  quantity  of  blood  that  re- 
turns to  the  heart  ; it  merely  acquires  a greater  rapidity  in  the 
veins  which  remain  free. 

This  happens  when  a ligature  is  placed  on  the  arm  for  the  pur- 
pose of  bleeding.  In  the  ordinary  state,  the  blood  which  is  car- 
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lied  to  the  fore-arm  and  hand,  returns  to  the  heart  by  four  deep 
veins,  and  at  least  as  many  superficial  ones  ; but  as  soon  as  the 
ligature  is  tightened,  the  blood  passes  no  longer  by  the  sub- 
cutaneous veins,  and  it  traverses  with  difficulty  those  which  are 
deeper  seated.  If  one  of  the  veins  is  then  opened  at  the  bend  of 
the  arm,  it  passes  out  in  form  of  a continued  jet,  which  continues 
as  long  as  the  ligature  remains  firm,  and  stops  as  soon  as  it  is  re- 
moved. 

Except  in  particular  cases,  the  veins  are  not  much  distended  by 
the  blood  ; however,  those  in  which  it  moves  with  the  gi-eatest 
rapidity  are  much  more  so  ; the  small  veins  are  scarcely  distended 
at  all.  For  a reason  very  easy  to  be  understood,  all  the  circum- 
stances that  accelerate  the  rapidity  of  the  blood  in  a vein,  produce 
also  an  augmentation  in  tbe  distention  of  the  vessel. 

The  introduction  of  blood  into  the  veins  taking  place  in  a con- 
tinued manner,  every  cause  which  arrests  its  course  produces  dis- 
tentioi^  of  the  vein,  and  the  stagnation  of  a greater  or  less  quantity 
of  blood  in  its  cavity,  below  tbe  obstacle. 

The  sides  of  the  veins  seem  to  have  but  a small  influence  upon  influence  of 
the  motion  of  the  blood  ; they  easily  give  way  when  the  quantity 
augments,  and  return  to  their  usual  form  when  it  diminishes  : but 
their  contraction  is  limited  ; it  is  not  sufficiently  strong  to  expel 
the  blood  completely  from  the  vein,  and  therefore  those  of  dead 
bodies  always  contain  some.  In  living  animals  I have  often  seen 
veins  empty  without  being  contracted  on  that  account,  and  at  other 
times  I have  observed  that  the  column  of  liquid  did  not  nearly  fill 
the  cavity  of  the  vessel. 

A great  number  of  veins,  such  as  those  of  the  bones,  of  the 
sinus,  of  the  dura  mater,  of  the  testicles,  of  the  liver,  &c.  the 
sides  of  which  adhere  to  an  inflexible  canal,  can  have  evidently 
no  influence  upon  the  motion  of  the  blood  that  flows  in  their 
cavity. 

However,  it  is  to  the  elasticity  of  the  sides  of  the  veins,  and  not 
to  a contraction  similar  to  that  of  the  muscles,  that  we  must  attri- 
bute the  faculty  which  they  possess  of  diminishing  in  size  when 
the  column  of  blood  diminishes  : this  diminution  is  also  much  more 
marked  in  those  that  have  the  thickest  sides,  such  as  the  superficial 
veins. 
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Circurastan-  If  the  Veins  have  themselves  very  little  influence  upon  the  mo- 

ces  which  fa-  . ^ ^ ^ 

vourthemo-  tion  of  the  blood,  many  other  accessory  causes  exeit  a very  evi- 

tion  of  venous  ^ ^ 

blood.  dent  effect.  Every  continued  or  alternate  pressure  upon  a vein, 
when  strong  enough  to  flatten  it,  may  prevent  the  passage  of  the 
blood  ; if  it  is  not  so  strong,  it  will  oppose  the  dilatation  of  the 
vein  by  the  blood,  and  consequently  favour  its  motion.  The 
constant  pressure  which  the  skin  of  the  members  exerts  upon  the 
veins  that  are  below  it,  renders  the  flow  of  the  blood  more  easy 
and  rapid  in  these  vessels  : We  cannot  doubt  this,  for  all  the 
circumstances  that  diminish  the  contractility  of  the  tissue  of  the 
skin,  are  sooner  or  later  followed  by  a considerable  dilatation  of 
the  veins,  and  in  certain  cases  by  varix:  we  know  also  that  me- 
chanical compression,  exerted  by  a proper  bandage,  reduces  the 
veins  again  to  their  ordinary  dimensions,  and  also  regulates  the 
motion  of  the  blood  within  them. 

In  the  abdomen,  the  veins  are  subject  to  the  alternate  pressure 
of  the  diaphragm  and  of  the  abdominal  muscles,  and  this  cause  is 
equally  favourable  to  the  flow  of  the  venous  blood  in  this  part. 

The  veins  of  the  brain  support  also  a considerable  pressure, 
which  must  produce  the  same  result. 

Whenever  the  blood  runs  in  the  direction  of  its  weight,  it  flows 
with  greater  facility  ; the  contrary  takes  place  when  it  flows  against 
the  direction  of  its  gravity. 

Relations  of  must  not  neglect  to  notice  th-e  relations  of  these  accessory 

of^the*ïcT^of  causes  with  the  disposition  of  the  veins.  Where  they  are  very 
the  marked,  the  veins  present  no  valves,  and  their  sides  are  very  thin, 

the'moUraof  as  is  Seen  in  the  abdomen,  the  chest,  the  cavity  of  the  skull,  &c.  ; 
the  blood.  vjrijere  these  have  less  influence,  the  veins  present  valves  and  have 
thicker  sides  ; lastly,  where  they  are  very  weak,  as  in  the  sub- 
cutaneous veins,  the  valves  are  numerous,  and  the  sides  have  a con- 
siderable thickness. 

If  we  wish  to  have  an  idea  comparatively  exact  of  this  relation, 
we  have  only  to  examine  the  internal  saphæna  vein,  the  crural, 
and  the  commencement  of  the  external  iliac  at  the  opening  of  the 
femoral  aponeurosis,  intended  for  the  passage  of  the  vena  saph  jena  : 
the  difference  will  be  striking  in  the  thickness  of  the  sides. 

I lately  made  this  comparison  upon  the  dead  body  of  a criminal 
.that  was  very  muscular  : the  sides  of  the  saphæna  were  as  thick 
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as  those  of  the  carotid  artery  ; the  crural,  and  particularly  the  ex- 
ternal iliac  veins,  were  much  thinner  in  their  parietes  than  the 
former. 

We  must  take  care,  however,  not  to  confound  amongst  the  cir-  Causes  which 

. . augment  the 

cumstances  favourable  to  the  motion  of  the  blood  in  the  veins,  volume  of 

blood  contaln- 

causes  which  act  in  another  manner.  s'!  veins. 

For  example,  it  is  generally  known  that  the  contraction  of  the 
muscles  of  the  fore-arm,  and  the  hand,  during  bleeding,  accelerate 
the  motion  of  the  blood  which  passes  through  the  opening  of  the 
vein  ; physiologists  say  that  the  contraction  of  the  muscles  com- 
presses the  deep  veins,  and  expels  the  blood  from  them,  which 
then  passes  into  the  superficial  veins.  Were  it  thus,  the  accelera- 
tion would  be  only  instantaneous,  or  at  least  of  short  duration, 
whilst  it  generally  continues  as  long  as  the  contraction.  We  will 
see  farther  on,  how  this  phenomenon  ought  to  be  explained. 

When  the  feet  are  plunged  some  time  in  hot  water,  the  subcu- 
taneous veins  swell,  which  is  generally  attributed  to  the  rarefaction 
of  the  blood.  I think  the  true  cause  is  the  augmentation  of  the 
quantity  of  blood  carried  towards  the  feet,  but  particularly  towards 
the  skin,  an  augmentation  which  ought  naturally  to  accelerate  the 
motion  of  the  blood  in  the  veins,  since  they  are  in  a given  time 
traversed  by  a greater  quantity  of  blood. 

After  what  has  preceded,  we  can  easily  suppose  that  the  venous  Modifications 
blood  must  be  frequently  stopt  or  hindered  in  its  course,  either  of  ven^^'°” 
by  the  veins  suffering  too  strong  a pressure  in  the  different  posi- 
tions  of  the  body,  or  by  external  bodies  pressing  upon  the  latter, 

&c.  : hence  the  necessity  of  the  numerous  anastomoses  that  exist 
not  only  in  the  small  veins,  but  amongst  the  large,  and  even  amongst 
the  largest  trunks.  By  these  frequent  communications,  one  or  se- 
veral of  the  veins  being  compressed  in  such  a way,  that  they  can- 
not permit  the  passage  of  the  blood,  this  fluid  turns  and  arrives  at 
the  heart  by  other  directions  : — one  of  the  uses  of  the  azygos  vein 
appears  to  be  to  establish  an  easy  communication  between  the  su- 
perior and  inferior  vena  cava.  It  may  be,  however,  that  its  prin- 
cipal utility  consists  in  being  the  common  termination  of  most  of 
the  intercostal  veins. 

There  is  no  obscurity  in  the  action  of  the  valves  of  the  veins  ; 
they  are  real  valves,  which  prevent  the  return  of  the  blood  towards 
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the  venous  radicles,  and  which  do  this  so  much  better  in  propor- 
tion as  they  are  large,  that  is  to  say,  more  suitably  disposed  to  stop 
entirely  the  cavity  of  the  vein. 

The  friction  of  the  blood  against  the  sides  of  the  veins,  its  adhe- 
sion to  the  same  sides,  and  the  want  of  fluidity,  must  modify  the 
motion  of  the  blood  in  the  veins,  and  tend  to  retard  it  ; but  in  the 
present  state  of  physiology  and  hydrodynamics,  it  is  impossible  to 
assign  the  precise  effect  of  each  of  these  particular  causes. 
^*the^motion  Ought  to  perceive,  by  what  has  been  said  upon  the  motion 

blood!  of  the  venous  blood,  that  it  must  undergo  great  modifications,  ac- 
cording to  an  infinity  of  circumstances  ; we  shall  have  occasion  to 
be  more  convinced  of  this  afterwards,  when  we  notice  in  a general 
manner  the  circulation  of  the  blood,  without  regard  to  its  arterial 
or  venous  qualities. 

At  any  rate,  the  venous  blood  of  every  part  of  the  body  arrives 
at  the  right  auricle  of  the  heart  by  the  trunks  that  we  have  already 
named  ; viz.  two  very  large,  the  venæ  cavæ,  and  one  very  small, 
the  coronary  vein. 

The  blood  probably  flows  in  each  of  these  veins  with  different 
rapidity  : what  is  certain,  is,  that  the  three  columns  of  fluid  make 
an  effort  to  pass  into  the  auricle,  and  that  the  effort  must  be  consi- 
derable. 

Absorption  by  the  veins. 

Venous  ab-  The  venous  radicles  not  only  receive  immediately  the  blood  of 
sorption.  arterial  ramifications,  but  they  present  another  remarkable 

phenomenon.  Every  sort  of  gas  or  liquid  placed  in  contact  with 
the  different  parts  of  the  body,  except  the  skin,  passes  directly  into 
the  small  veins,  and  goes  to  the  lungs  with  the  venous  blood. 
Experiments  If  we  wish  to  have  an  idea  of  this  property,  which  is  common 
Sbso^tion.”^  to  all  Veins,  we  have  only  to  introduce  a solution  of  camphor  in 
water,  into  one  of  the  serous  or  mucous  cavities  of  the  body,  or 
to  thrust  a small  bit  of  solid  camphor  into  the  tissue  of  an  organ  : 
a few  moments  after,  the  air  which  passes  out  from  the  lungs  has 
a very  distinct  smell  of  camphor.  This  observation  is  easily  made 
upon  man  after  the  administration  of  camphorated  clysters  ; after 
five  or  six  minutes  the  breath  generally  presents  a very  strong  odour 
of  camphor. 
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A similar  effect  is  produced  by  almost  all  the  odoriferous  substan- 
ces that  do  not  combine  with  the  blood. 

In  my  experiments  upon  the  absorption  of  veins,  I have  found 
that  the  quickness  of  absorption  is  variable  according  to  the  diffe- 
rent tissues  ; for  example,  it  is  much  more  rapid  in  the  serous  than 
in  the  mucous  membrane  ; quicker  in  the  tissues  where  there  are 
many  bloodvessels  than  in  those  that  contain  few,  &c. 

The  corrosive  quality  of  the  liquids  or  solids  submitted  to  ab- 
sorption do  not  prevent  its  taking  place  ; it  seems,  on  the  contrary, 
even  to  be  quicker  than  that  of  the  substances  which  do  not  attack 
the  tissues  *. 

It  is  the  villi  of  the  intestines,  formed  in  part  by  the  origins  of 
the  veins,  which  absorb  all  the  liquids  passing  through  the  small 
intestines,  except  the  chyle  ; we  may  easily  be  convinced  of  the 
fact,  by  introducing  into  this  intestine  substances  of  a strong  odour 
which  are  susceptible  of  absorption.  From  the  commencement  of 
absorption  until  it  is  finished,  the  properties  of  these  substances  are 
discoverable  in  the  blood  of  the  different  branches  of  the  vena  porta, 
whilst  they  are  not  distinguished  in  the  lymph  until  long 
after  the  absorption  has  begun.  We  shall  see  elsewhere,  that 
they  arrive  at  the  thoracic  duct,  not  by  the  absorption  of  the 
chyliferous  vessels,  but  by  the  communication  of  the  arteries  with 
the  lymphatics. 

It  is  well  known  that  all  the  veins  of  the  digestive  organs  unite 
in  one  trunk,  which  is  divided  and  subdivided  in  the  tissue  of  the 
liver.  This  disposition  is  worthy  of  remark. 

On  account  of  the  considerable  extent  of  the  mucous  surface.  Particular 
with  which  the  drinks  or  other  liquids  are  in  contact,  and  of  the  vena  porta, 
rapidity  of  their  absorption  by  the  mesereaic  veins,  a considerable 
quantity  of  liquid,  foreign  to  the  economy,  traverses  the  abdominal 
venous  system  in  a given  time,  and  changes  the  composition  of  the 
blood.  If  this  liquid  arrived  at  the  lungs  in  this  manner,  and  pro- 


• Modern  physiologists  speak  much  of  the  sensibility  peculiar  to  the  ab- 
sorbent orifices — of  that  fine  and  unerring  tact,  by  which  they  distinguish 
and  prefer  the  useful  from  the  noxious.  Our  mind,  greedy  of  images,  is 
peculiarly  charmed  with  this  ingenious  hypothesis,  but  which  is  destroyed 
the  moment  it  is  submitted  to  experiment. 
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ceeded  from  thence  to  all  the  organs,  very  serious  inconveniences 
might  arise,  as  will  be  seen  by  the  following  experiments.  > < 

About  fifteen  grains  of  bile,  rapidly  injected  into  the  crural  vein, 
generally  causes  the  death  of  an  animal  in  a few  moments.  The 
same  thing  happens  by  a certain  quantity  of  atmospheric  air  being 
suddenly  introduced  into  the  same  vein.  The  injection  being 
made  in  the  same  manner  into  one  of  the  branches  of  the  vena 
porta,  would  have  no  apparent  inconvenience.  Why  this  difference 
of  results  ? Can  the  passage  of  liquids  foreign  to  the  economy, 
through  the  innumerable  small  vessels  of  the  liver,  have  the  effect 
of  mixing  them  more  intimately  with  the  blood,  and  of  spreading 
them  through  a greater  quantity  of  this  fluid,  in  such  a way  that 
its  chemical  nature  is  somewhat  changed  by  them  ? This  is  so 
much  the  more  probable,  as  the  same  quantity  of  bile  or  air  in- 
jected very  slowly  into  the  crural  vein  produces  no  sensible 
accidents.  ; 

The  passage  of  the  veins  arising  from  the  digestive  organs  across 
the  liver  may  then  be  necessary,  in  order  to  mix  intimately  with 
the  blood  the  matters  absorbed  by  the  intestinal  canal.  Whether 
this  effect  takes  place  or  not,  it  is  not  doubtful  that  medicines  ab- 
sorbed in  the  stomach  and  the  intestines  do  not  pass  immediately 
through  the  liver,  and  it  appears  to  me  that  they  have  not  a suflS- 
cient  influence  upon  this  organ  to  deserve  the  attention  of  phy- 
sicians *.  ' 

I have  just  now  said  that  the  skin  is  an  exception  to  that  general 
law,  that  the  veins  absorb  in  every  part  of  the  body.  This  propo- 
sition deserves  a particular  examination. 

When  the  skin  is  deprived  of  the  epidermis,  and  the  bloodvessels 
that  cover  the  external  surface  of  the  chorion  are  laid  bare,  absorp- 
tion takes  place  there  as  every  where  else.  After  the  application 
of  a blister,  if  the  surface  from  which  the  epidermis  is  removed  is 


• It  would  be  curious  to  know  why,  of  all  the  vessels  of  the  liver, 
the  branches  of  the  vena  porta  are  the  only  ones  which,  by  the  disposition 
of  their  external  membrane,  the  cajnule  of  Glisson,  are  able  to  contract 
when  the  blood  which  passes  through  them  diminishes  in  quantity.  Per- 
haps that  disposition  is  favourable  to  the  progress  of  the  blood,  which 
here  passes  from  a small  to  a larger  space,  directly  contrary  to  what  happens 
in  the  other  vessels. 
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covered  with  a substance,  the  effects  of  which  are  easy  to  be  re- 
remarked  upon  the  animal  economy,  sometimes  a few  minutes  are 
sufficient  for  them  to  be  seen.  Caustics  applied  to  ulcerated  sur- 
faces have  often  produced  death. 

In  order  that  inoculation  of  the  small-pox,  or  matter  of  vaccina- 
tion, may  take  place,  it  is  necessary  to  place  the  substance  under 
the  epidermis,  and  consequently  to  put  it  in  contact  with  the  sub- 
jacent bloodvessels. 

It  is  very  different  when  the  skin  is  covered  with  epidermis. 

There  is  no  sensible  absorption,  if  tbe  substances  in  contact  with 
it  are  not  of  a nature  to  attack  its  chemical  composition,  or  to  excite 
an  irritation  of  the  corresponding  bloodvessels. 

I know  that  this  result  is  contrary  to  the  generally  received  ideas. 

For  example,  it  is  supposed  that  the  body,  being  plunged  in  a bath, 
absorbs  a part  of  the  liquid  by  which  it  is  surrounded  ; upon  this 
idea  rests  tbe  use  of  nourishing  baths  of  milk,  of  broth,  &c.  M. 

' Seguin,  in  a work  published  lately,  has,  by  a series  of  experiments, 
put  it  quite  out  of  doubt,  that  the  skin  does. not  absorb  the  water 
amongst  which  it  is  placed.  To  ascertain  if  it  were  the  same  with  Experiments 

° ‘ Upon  absorp- 

other  liquids,  M.  Seguin  made  essays  upon  persons  affected  with 
venereal  diseases.  He  caused  them  to  plunge  their  feet  and  legs 
into  baths,  composed  of  sixteen  pounds  of  water,  and  three  grains 
1 of  sublimate  r each  bath  continued  an  hour  or  two,  and  was  repeated 
■ twice  a-day.  Thirteen  sick  persons,  who  submitted  to  this  treat- 
ment during  eight  days,  presented  no  appearance  of  absorption;  a 
fourteenth  presented  evident  marks  of  it  from  the  third  bath,  but 
[ he  had  scabby  excoriations  on  the  legs  : two  others  that  were  in 
the  same  situation,  presented  similar  phenomena.  In  general,  ab- 
i sorption  did  not  take  place,  except  where  the  epidermis  was  not  ■ 
i entirely  unbroken  ; however,  at  the  temperature  of  73°  F.  there  was 
sometimes  sublimate  absorbed,  but  never  water.  x 

Among  the  experiments  of  M.  Seguin,  there  is  one  which  ap- 
[ pears  to  throw  great  light  upon  the  absorbent  faculty  of  the  skin. 

I After  having  weighed  separately  a dram,  each,  containing  72  Experiment. 

French,  or  59.1  Troy  grains,  of  sweet  mercury,  a dram  of  gamboge, 

; a dram  of  scammony,  a dram  of  sal  alembroth,  or  muriate  of  mei’- 
cury  and^aramonia,  and  a dram  of  tartar  emetic,  M.  Seguin  made 
a sick  person  lie  upon  his  back,  washed  carefully  the  skin  of  the 
abdomen,  and  applied  with  precaution  upon  places  separated  from 
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each  other,  the  five  substances  mentioned  above  ; he  covered  each 
with  a watch-glass,  and  kept  them  all  in  their  places  with  a linen 
bandage.  The  heat  of  the  chamber  was  kept  at  66“  F.  ; M.  Se- 
guin did  not  quit  the  patient,  in  order  to  prevent  him  from  stirring: 
the  experiment  continued  ten  hours  and  a quarter.  The  glasses 
were  then  taken  away,  and  the  substances  removed  with  great 
care  : they  were  afterwards  weighed  ; the  sweet  mercury  was  re- 
duced to  71^  grains;  the  scammony  vveighed  72^  grains  ; the  gam- 
boge a little  more  than  71  grains  ; the  sal  alemhroth  was  reduced 
to  62  grains  (a  great  many  pimples  were  produced  on  the  place 
where  it  was  applied)  ; the  tartar  emetic  weighed  67  grains.  It 
is  plain  that  in  this  experiment  those  substances  that  are  most  irri- 
tating, and  most  disposed  to  combine  with  the  epidermis,  were 
partly  absorbed,  whilst  the  others  were  not  sensibly  so.  But  what 
does  not  happen  by  simple  application,  takes  place  when  the  «kin 

Absoi-ptton  of  jg  submitted  to  friction  with  certain  substances.  We  cannot  doubt 

the  skin. 

that  mercury,  alcohol,  opium,  camphor,  the  emetics,  the  purgatives 
&c.,  pass  by  this  means  into  the  venous  system.  These  different 
medicines  appear  to  traverse  the  epidermis,  perhaps  by  passing 
through  the  pores,  or  the  openings  by  which  the  hairs  or  the  in- 
sensible perspiration  pass  out  to  the  surface. 

Thus,  to  sum  up  what  relates  to  absorption  by  the  skin,  we  see 
that  this  membrane  is  not  different  from  the  other  surfaces  of  the 
body,  except  in  being  covered  by  the  epidermis.  As  long  as  this 
layer  remains  entire,  and  does  not  admit  the  substances  put  in 
contact  with  the  skin  to  pass,  there  is  no  absorption  ; but  as  soon 
as  it  is  worn  through,  or  otherwise  penetrated,  absorption  takes 
place  the  same  as  it  does  eveiy  where  else. 

* I am  well  aware  that  many  persons  will  be  astonished  at  ray 

having  no  hesitation  in  attributing  the  absorbent  faculty  to  the 
veins,  whilst  the  general  opinion  is,  that  every  sort  of  absorption 
takes  place  by  the  lymphatic  vessels  ; but  after  the  facts  noticed 
at  the  article  concerning  the  absorption  of  lymph,  and  some 
others  that  I shall  add,  I cannot  possibly  think  otherwise.  But 
the  opinion  that  I sustain  is  not  new  ; Ruysch,  Boerhaave,  Meckel, 
Swammerdam,  professed  it  ; and  it  was  sustained  by  Haller, 
though  he  was  ignorant  of  the  anatomical  labours  of  J.  Hun- 
ter.“ 
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M.  Delille  and  myself  separated  from  the  body  the  thigh  of  a Experiment 

^ ^ ^ ® upon  venous 

dog,  that  we  had  first  previously  stupified  by  opium,  to  prevent  the  absorption, 
pain  inseparable  from  such  an  experiment  ; we  left  untouched  only 
the  crural  artery  and  the  crural  vein,  which  preserved  the  commu* 
nication  between  the  thigh  and  the  trunk.  These  two  vessels  were 
dissected  with  the  greatest  care,  that  is  to  say,  they  were  insulated 
to  the  extent  of  1’575  inches  ; the  cellular  tunic  was  taken  away,  to 
prevent  the  concealment  of  the  lymphatic  vessels.  Two  grains  of  a 
very  subtile  poison  (the  upas  tieuté)  were  then  thrust  into  the  foot  : 
the  effects  of  this  poison  were  as  rapid  and  as  intense  as  if  the 
thigh  had  not  been  separated  from  the  body  ; they  began  before  the 
fourth  minute,  and  the  animal  was  dead  before  the  tenth. 

It  might  be  objected,  that  notwithstanding  all  the  precautions 
taken,  the  sides  of  the  artery  and  the  crural  vein  still  contained 
lymphatics,  and  that  these  vessels  afforded  a passage  to  the 
poison.  To  remove  this  difficulty,  I repeated  the  preceding  expe-  Another ex- 
riment  upon  another  dog,  with  this  difference,  that  I introduced 
into  the  crural  artery  the  tube  of  a small  quill,  upon  which  I bound 
this  vessel  by  two  ligatures  : the  artery  was  afterwards  divided 
circularly  between  the  two  ligatures,  and  the  same  thing  was  done 
with  the  crural  vein  ; there  was  then  no  communication  between 
the  thigh  and  the  body,  except  by  the  arterial  blood  that  arrived 
at  the  thigh,  and  the  venous  blood  returning  to  the  trunk.  The 
poison  being  then  introduced  into  the  foot,  produced  the  ordinary 
effects,  that  is,  death  in  about  four  minutes. 

This  experiment  removes  all  doubt  of  the  passage  to  the  poison  Experiments 
from  the  foot  to  the  trunk  through  the  crural  vein.  To  render  the  Xmption.”* 
phenomenon  still  more  clear,  if  the  vein  is  pressed  between  the 
finger  at  the  instant  the  poison  begins  to  take  effect,  these  effects 
very  soon  cease  : they  appear  again  as  soon  as  the  vein  is  left  at 
liberty,  and  cease  as  soon  as  it  is  compressed  anew.  They  may 
thus  be  graduated  at  will. 

We  shall  add  to  these  facts,  which  appear  decisive,  some  inte- 
resting observations  made  by  Flandrin. 

The  matters  which  the  large  and  small  intestine  of  the  horse 
generally  contain,  are  mixed  with  a great  quantity  of  liquid,  which 
becomes  less  considerable  as  we  advance  towards  the  rectum  : it 
is  then  absorbed  in  proportion  as  it  flows  along  the  intestinal 
canal.  Now,  Flandrin  having  collected  the  liquid  contained  in  the 
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chyliferous  vessels,  found  no  odour  in  it  similar  to  that  of  the 
liquid  of  the  intestine  : on  the  contrary,  the  venous  blood  of  the 
small  intestine  had  an  odour  sensibly  herbaceous  ; that  of  the 
cæcum  had  a sharp  taste,  and  a slightly  urinous  savour  ; that  of 
the  colon  had  the  same  characters,  but  more  strongly  marked. 
The  blood  of  the  other  parts  of  the  body  presented  no  similarity 
to  this. 

Half  a pound  of  assafœtida,  dissolved  in  the  same  quantity  of 
honey,  was  given  to  a horse  ; the  animal  was  fed  as  usual,  and 
killed  sixteen  hours  afterwards.  The  odour  of  the  assafœtida  was 
distinguished  in  the  veins  of  the  stomach,  of  the  small  intestine, 
and  the  cæcum  ; it  was  not  noticed  in  the  arterial  blood,  nor  in  the 
lymph. 

In  the  article  treating  of  the  lymphatic  vessels,  I noticed  the 
experiments  made  by  J.  Hunter,  to  prove  that  these  vessels  are 
the  exclusive  agents  of  absorption.  This  author  has  also  made 
experiments  to  prove  that  these  vessels  do  not  absorb  ; but  these 
are  not  much  more  satisfactory,  nor  more  exact,  than  those  given 
above. 

“ I took,”  says  J.  Hunter,  “ a portion  of  the  intestine  of  a sheep, 
after  having  cut  open  the  parietes  of  the  abdomen  ; I tied  it  at 
the  two  extremities,  and  filled  it  with  hot  water  : the  blood  that 
returned  by  the  vein  of  this  part,  did  not  appear  more  diluted  or 
lighter  coloured  than  that  of  the  other  veins  ; I then  tied  the 
artery  and  all  its  communication^,  and  I examined  the  state  of  the 
vein.  It  did  not  swell,  its  blood  did  not  become  more  watery  ; 
thus  it  gave  no  indication  of  the  presence  of  water  in  its  cavity. 
The  veins  therefore  do  not  absorb 

How  many  objections  present  themselves  when  we  wish  for 
precision  in  experiments  ! How  could  J.  Hunter  judge  from  sim- 
ple appearance,  that,  in  the  first  instant,  the  water  was  not  absorbed 
and  did  not  mix  with  the  blood  of  the  vein  ? Then,  how  could  it 
be  believed  by  this  author,  who  is  in  other  respects  so  estimable, 
that  the  vein  could  continue  its  action  when  the  artery  was  tied  ? 
He  ought  to  have  first  determined  the  eflects  of  the  ligature  on  an 
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artery  upon  the  motion  of  the  blood  in  its  corresponding  vein,  and 
this  is  what  he  did  net  do. 

In  another  experiment  the  same  physiologist  injected  warm  milk 
into  a portion  of  the  intestine  ; a few  moments  afterwards  he  open- 
ed the  mesenteric  vein,  collected  the  blood  which  flowed  from  it, 
and  because  he  did  not  find  any  trace  of  milk,  he  concluded  that 
there  was  no  absorption  of  this  liquid  by  the  vein.  But  in  the 
time  of  J.  Hunter  there  was  no  means  of  ascertaining  the  existence 
of  a small  quantity  of  milk  in  a considerable  quantity  of  blood  ; 
even  at  the  present  time,  when  animal  chemistry  is  far  advanced, 
this  obstacle  can  scarcely  be  surmounted. 

These  two  experiments  can  have  no  eflect  upon  the  doctrine  of 
venous  absorption.  The  others,  which  are  six  in  number,  so  far 
from  being  conclusive,  are,  on  the  contrary,  more  defective. 

Lastly,  were  it  necessary  to  deduce  from  reasoning  new  proofs 
in  favour  of  the  absorbent  property  of  veins,  I would  notice  that, 
in  many  parts  of  the  body  where  the  most  exact  anatomy  has  never 
been  àble  to  discover  any  other  than  bloodvessels,  and  no  lympha- 
tics, such  as  the  eye,  the  brain,  the  placenta,  &c.,  absorption  takes 
place  as  rapidly  as  elsewhere  ; I would  add,  that  all  the  inverte- 
bral  animals,  which  have  blood,  have  no  lymphatics,  and  yet  ab- 
sorption takes  place.  The  thoracic  canal  is  indeed  much  too 
small  to  give  a sufficiently  rapid  passage  to  the  matters  absorbed  in 
every  part  of  the  body,  and  particularly  to  the  drinks  *.  These 
phenomena  become  all  perfectly  intelligible,  as  soon  as  the  absorp- 
tion of  veins  *is  admitted. 

Therefore,  facts,  experiments,  and  reasoning,  concur  in  favour  of 
venous  absorption  j-. 

Such  was  the  state  of  the  question,  when  I published  the  first 
edition  of  this  work  ; but  since  that  period,  science  has  made  an 


• Some  persons  drink  tvvo  or  three  gallons  of  mineral  waters  in  a few 
hours,  and. reject  them  almost  at  the  same  instant  by  urine. 

.j-  To  sum  up  what  we  have  said,  upon  the  organs  of  absorption  generally 
considered,  it  maybe  stated, — 1st,  Tliat  it  is  certain  the  chyliferous  or  lacteal 
vessels  absorb  the  chyle  ; 8d,  that  it  is  doubtful  whether  they  absorb  any  thing 
else  ; 3d,  that  it  is  not  demonstrated  that  the  lymphatic  vessels  are  endowed 
with  the  absorbing  faculty,  and  that  it  is  proved  that  the  veins  enjoy  that  power. 
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important  step  : it  has  been  freed  from  a prejudice,  and  acquired  a 
general  fact  of  great  interest. 

It  was  believed,  (there  was  a time,  when  the  whole  of  physiology 
consisted  of  beliefs),  it  was  believed,  I say,  that  the  living  tissues, 
and  particularly  the  membranes,  the  parietes  of  vessels,  &c.  by  the 
mere  circumstance  of  their  being  alive,  were  incapable  of  imbibing 
the  different  substances  when  alive,  by  which  they  were  readily 
penetrated  after  death  : and  they  departed  from  the  notion,  and  had 
recourse  to  a vital  phenomenon,  when  proposing  to  explain  absorp- 
tion. No  one  even  dreamed  of  searching  for  a mechanical  pheno- 
menon in  that  action,  and  I laboured  myself  for  twenty  years  upon 
the  subject  without  once  arriving  at  this  idea  *. 

Experiments  I have  demonstrated,  by  a series  of  experiments,  that  all  the  living 

bibition  of  tissues  imbibe  whatever  liquid  matters  are  brought  in  contact  with 
living  tissues.  , ^ ° 

them  ; the  same  effect  is  produced  upon  solid  substances,  provided 
they  are  soluble  in  our  fluids,  and  particularly  in  the  serum  of  the 
blood. 

This  general  fact  being  established,  absorption  which  has  oc- 
cupied so  much  the  attention  of  physiologists  and  given  rise  to  so 
many  disputes,  becomes  one  of  the  most  simple  phenomena,  and 
indeed  almost  entirely  mechanical.  It  will  no  longer  be  disputed 
whether  veins  or  lymphatics  absorb  : since  all  the  tissues  of  the 
body  are  endowed  with  that  property. 

At  all  events,  we  shall  state  experiments,  which  to  me  seem  to 
put  the  question  beyond  all  doubt.  They  are  extracted  from  my 
memoir  on  the  mechanism  of  absorption  j-. 


• Extreme  repugnance  to  confess  our  ignorance,  and  a tendency  to  admit 
romances  contrived  to  fill  up  the  vacuities  of  science,  are  intellectual  pheno- 
mena as  remarkable,  as  they  are  injurious  to  the  progress  of  knowledge.  It 
was  not  known  how  absorption  was  performed  ; instead  of  confessing  as  much 
at  once,  which  might  have  proved  a stimulus  to  new  researches,  some  person 
thought  proper  to  assert,  that  the  living  tissues  cannot  admit  af  absorption  as  after 
death;  that  there  are  absorbing  orifices,  which  take  with  judgment  certain 
substances,  and  refuse  others.  This  little  story  pleased  many  physiologists  ; they 
repeated  it,  believed  firmly  in  it,  and  from  that  time  forth  none  knew  that  the 
mechanism  of  absorption  was  still  unknown,  and  consequently  none  ever 
thought  of  making  it  the  object  of  research.  Such  is  the  mischief,  without 
doubt,  every  day  wrought  in  the  sciences,  by  those  who  give  themselves  up  to 
their  own  imaginations  ; such  also  is  the  evil  done  to  humanity  by  physicians 
when  seduced  by  similar  errors.  j-  Journal  Phys.  I.  i. 
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In  a public  lecture  upon  the  operation  of  medicines,  I showed, 
upon  the  living  animal,  what  are  the  effects  of  the  introduction  of 
a certain  quantity  of  water  at  104*°  F.  into  the  veins.  In  making 
this  experiment,  it  occurred  to  me  to  see  what  might  be  the  influ- 
ence of  the  artificial  plethora  which  I produced,  upon  the  pheno- 
mena of  absorption.  In  consequence,  after  having  injected  almost 
two  pints  of  water  into  the  veins  of  a dog,  of  ordinary  size,  I in- 
troduced into  his  pleura,  a small  dose  of  a substance,  with  the  ef- 
fects of  which  I was  familiar.  I was  surprised  to  see  these  effects 
only  take  place  several  minutes  after  the  period  at  which  they  usual- 
ly show  themselves.  I immediately  repeated  the  experiment  upon 
another  animal,  and  obtained  a similar  result. 

In  several  other  essays  the  effects  showed  themselves  very  near- 
ly at  the  time  in  which  they  ought  to  be  developed  : but  they  were 
sensibly  weaker  than  corresponded  to  the  dose  of  the  substance 
submitted  to  absorption,  and  they  were  prolonged  a good  deal  be- 
yond their  ordinary  term. 

In  another  experiment,  wherein  I had  introduced  as  much  water  Effector 
(about  four  pints)  as  the  animal  could  support  without  ceasing  to  upon  ab- 
live,  the  effects  did  not  show  themselves  at  all  ; absorption  had 
probably  been  prevented.  After  waiting  almost  half  an  hour  for 
effects  which  only  require  about  two  minutes  to  display  themselves, 

I reasoned  as  follows  : if  the  distention  of  the  bloodvessels  be  in 
this  case  the  cause  of  absorption  being  absent,  then,  distention 
ceasing,  absorption  ought  to  take  place.  Immediately  I took  a 
large  bleeding  from  the  jugular  vein  of  the  animal  submitted  to  the 
experiment,  and  perceived,  with  singular  pleasure,  the  effects  pro- 
ceed to  manifest  themselves  as  the  blood  flowed. 

I might  also  make  the  opposite  experiment  ; namely,  to  dimi- 
nish the  quantity  of  blood,  and  observe  whether  absorption  would 
then  become  more  rapid  : the  event  was  exactly  what  I had  fore- 
seen. An  animal  was  bled,  and  also  deprived  of  aboiit  half  a pound 
of  blood  ; — eflects  which  should  not  have  happened  before  the  end 
of  the  second  minute,  showed  themselves  distinctly  before  tbe 
thirtieth  second. 

Nevertheless,  it  might  still  be  suspected  that  it  was  less  the  dis- 
tention of  the  bloodvessels,  than  the  change  of  the  nature  of  the 
blood,  which  is  opposed  to  absorption.  To  remove  this  difficulty, 

I made  the  following  experiment.  A very  large  bleeding  was 
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taken  from  a dog  ; the  lost  blood  was  replaced  by  water  at  104*’ 
F.,  and  a determinate  quantity  of  the  solution  of  nux  vomica  was 
introduced  into  his  pleura.  The  consequences  were  as  intent, 
and  as  rapid,  as  if  the  nature  of  the  blood  had  not  been  changed. 
It  is  to  the  distention  of  the  vessels  that  we  must  attribute  the  ab- 
sence or  diminution  of  absorption.  > 

From  that  time  I became,  in  some  degree,  master  of  a pheno- 
menon, which  hitherto  had  been  for  me  an  impenetrable  mystery. 
Being  now  able  to  oppose  its  development,  to  produce  it,  to  render 
it  rapid,  slow,  intense,  or  weak,  its  nature  could  hardly  escape  my 
investigation  entirely. 

Jleflecting  upon  the  constancy  and  regularity  of  the  pheno- 
menon, it  was  scarcely  possible  to  refer  it  to  what  physiologists 
denominate  vital  action  : — such  as  the  action  of  the  nerves,  the 
contraction  of  the  muscles,  the  secretion  of  the  glands,  &c.  It 
was  a great  deal  more  rational  to  compare  it  to  some  mechanical 
phenomenon  : and  among  tlie  conjectures  admissible  in  this  re- 
spect, that  which  made  absorption  depend  upon  the  capillary  attrac- 
tion of  the  muscular  parietes,  was,  without  doubt,  the  most  proba- 
ble ; it  embraced,  in  fact,  all  the  phenomena  observed.  For  sup- 
posing that  this  cause  presides  over  absorption,  solid  substances, 
not  soluble  in  our  humours,  nor  able  to  traverse  the  parietes  of  the 
small  vessels,  must  resist  absorption  ; which  is  the  fact.  The  so- 
lids, on  the  contrary,  capable  of  combining  with  our  tissues,  or 
only  of  being  dissolved  in  the  blood,  must  be  apt  to  be  absorbed  ; 
which  is  still  conformable  to  facts.  The  greater  part  of  liquids, 
being  able  to  soften  or  penetrate  by  imbibition  the  vascular  parie- 
tes ; whatever  be,  besides,  their  chemical  nature,  must  undergo  a 
rapid  absorption  ; as  experiment  shows,  even  in  the  most  caustic. 
In  the  same  view,  the  more  the  vessels  are  distended,  the  less  evi- 
dent must  become  their  absorbing  power  ; and  a point  may  be 
reached,  at  which  this  power  is  no  longer  evident  to  the  senses. 
The  more  numerous  the  vessels  are,  the  more  they  are  attenuated, 
the  more  rapid  will  absorption  be,  since  the  absorbing  surfaces 
will  be  more  extended. 

This  action  of  the  parietes  being  once  known,  nothing  is  more 
easy  than  to  comprehend  how  the  substances  absorbed  are  carried 
towards  the  heart,  since  from  the  moment  they  arrive  at  the 
internal  surface  of  these  parietes,  tliey  must  immediately  be 
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I dragged  along  by  the  sanguine  current  which  exists  in  the  smallest 
» vessels. 

I was  the  farther  from  rejecting  this  supposition,  that  I clearly 
recollected,  that  formerly,  when  poisoning  an  animal  by  sinking  a 
Javanese  arrow  into  the  fleshy  part  of  the  thigh,  that  all  the  soft 
parts,  which  suiTounded  the  wound,  were  coloured  of  a brownish 
I yellow,  to  several  lines  in  depth,  and  assumed  the  bitter  taste  of 
the  poison. 

But  a supposition  which  best  connects  a certain  number  of 
! known  phenomena,  is  only  at  bottom  a more  commodious  method 
of  expounding  them  ; it  cannot  receive  the  character  of  theory  till 
I it  is  confirmed  by  experiments  sufficiently  varied, 
i It  was  necessary  for  me,  therefore,  to  institute  new  researches, 

Î in  order  to  discover  to  what  extent  my  hypothesis  was  admissible. 

: The  affinity  of  the  vascular  parietes  for  the  matters  absorbed, 

being  assumed  as  the  cause,  or  at  least  one  of  the  causes,  of  ab- 
sorption, this  effect  must  be  produced  as  well  after  death  as  during 
life.  The  fact  might  be  easily  established  in  respect  of  vessels  of 
a certain  caliber  ; but  considering  their  diameter,  their  thickness, 
and  the  small  extent  of  their  walls  in  proportion  to  the  capacity  of 
the  tube,  experiment  must  give  a very  small,  though  still  apprecia- 
ble, absorption. 

I therefore  took  out  a piece  of  the  lower  end  of  the  external 
jugular  vein  of  a dog.  This  portion  of  vessel,  in  an  extent  of  more 
than  three  centimetres,  or  1.18113  English  inches,  receives  no 
: branch.  I stripped  it  of  the  surrounding  cellular  substance,  and 

attached  to  each  of  its  extremities  a glass  tube,  by  means  of  which 
I maintained  a current  of  warm  water  in  its  interior.  I then  plun- 
ged the  vein  into  a slightly  acid  liquor,  and  collected  with  care  the 
fluid  of  the  internal  current. 

It  will  be  seen,  by  the  disposition  of  this  apparatus,  that  there 
could  be  no  communication  between  the  interior  current  of  warm 
water  and  the  exterior  acid  liquid. 

I , During  the  first  minutes,  the  liquor  which  I received  did  not 
I , change  its  nature  ; but  after  five  or  six  minutes  the  water  became 
sensibly  acid.  Absorption  had  taken  place. 

I repeated  this  experiment  with  veins  taken  from  the  human 
dead  subject  : the  effect  was  the  same. 
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The  phenomenon  thus  occurring  in  veins,  no  reason  appeared 
why  it  should  not  also  be  found  in  arteries.  I made  the  experi-  i 
ment  with  the  carotid  artery  of  an  old  dog  which  had  died  the  i 
evening  before,  and  obtained  a result  absolutely  identical  : in  addi- 
tion, I remarked  that  the  greater  the  acidity  of  the  external  fluid,  1 
and  the  higher  the  temperature,  the  more  rapidly  was  the  pheno-  1 
menon  produced  *. 

If  capillary  absorption  was  produced  upon  large  dead  vessels,  why  ' 
should  it  not  also  take  place  upon  the  same  vessels  alive  ? i 

Had  experiment  refused  this  result,  all  my  reasonings  would  have  ' 
been  confounded,  and  my  hypothesis  destroyed.  I was  the  less 
confident  of  the  result  of  my  experiment,  that  I had  present  in  my  ; 
mind  all  I had  ever  heard  said  upon  the  changes  that  life  produces  i 
every  day  in  the  physical  properties  of  our  organs.  Still,  as  I had 
often  experienced,  in  my  researches,  the  advantage  of  doubting 
opinions  generally  received,  I was  not  discouraged,  and  performed  ] 
the  following  experiment  : 

I took  a young  dog  of  about  six  weeks.  At  that  age  the  vascu-  ; 
lar  parietes  are  thin,  and  consequently  more  proper  for  the  success  ; 
of  the  experiment.  I exposed  one  of  his  jugular  veins,  and  de-  ’ 
tached  it  entirely  in  its  whole  length  ; I carefully  stripped  it  of  its  i 
coverings,  particularly  of  the  cellular  tissue,  and  some  small  vessels, 
which  ramify  upon  it.  I then  placed  it  upon  a card,  that  it  might 
have  no  contact  with  the  surrounding  parts.  Then  I dropped  upon  ■ 
its  surface,  opposite  the  middle  of  the  card,  a thick  watery  solution 
of  the  alcoholic  extract  of  nux  vomica,  a substance  of  which  the 
action  is  very  energetic  upon  dogs  ; I took  care  that  no  particle  of 
the  poison  should  touch  any  thing  besides  the  vein  and  the  card, 
and  that  the  current  of  the  blood  should  be  free  in  the  interior  of 
the  vessel.  Before  the  fourth  minute  the  expected  eflfects  appeared, 
first  feebly,  then  with  suflScient  activity  to  oblige  me  to  resist  the 
death  of  the  animal  by  inflating  its  lungs. 

It  was  necessary  to  repeat  this  experiment,  but  I could  only  i 
procure  an  adult  animal,  a great  deal  larger  than  the  preceding,  and  , 


* This  result  is  only  accurate  within  certain  limits  ; for,  if  the  tempera- 
ture approaches  that  of  boiling  water,  and  if  the  acidity  becomes  a little  too 
strong,  the  tube  crisps,  and  absorption  is  much  retarded. 
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of  which,  consequently,  the  veins  were  a great  deal  thicker.  The  imbibition, 
same  effects  followed,  but,  as  was  to  be  supposed,  a gi'eat  deal 
more  slowly,  not  appearing  before  the  sixth  minute. 

Satisfied  with  this  result  for  the  veins,  I wished  to  ascertain  if 
the  arteries  presented  analogous  properties.  But  the  arteries  are 
not,  in  the  living  animal,  in  the  same  mechanical  condition  as  the 
veins.  Their  tissue  is  less  spongy,  and  of  firmer  consistence  ; the 
parietes  are  a great  deal  thicker  at  the  same  diameter,  and  besides, 
they  ai'e  continually  distended  by  the  effort  of  the  blood  propelled 
from  the  heart.  It  was  easy  then  to  foresee,  that  if  the  pheno- 
menon of  absorption  appeared,  it  must  be  developed  much  slower 
than  in  the  veins.  This  was  confirmed  by  experiment,  in  two 
large  rabbits,  tbe  carotid  artery  of  which  I had  previously  stripped 
with  the  greatest  care.  More  than  a quarter  of  an  hour  was  ne- 
cessary before  the  solution  of  the  nux  vomica  could  traverse  the 
parietes  of  the  artery. 

Although  I ceased  to  wet  the  artery  with  the  poison  as  soon  as 
I saw  the  effects  begin  to  appear,  one  of  the  rabbits  died.  Then, 
in  order  to  ascertain  that  the  poison  had  really  penetrated  the  ar- 
terial parietes,  and  that  it  had  not  been  at  all  absorbed  by  small 
veins  which  might  have  escaped  my  dissection,  I detached  with 
care  the  vessel  upon  which  I had  operated,  slit  it  open  in  its  whole 
extent,  and  made  the  persons  who  assisted  me  taste  the  small  por- 
tion of  blood  which  still  adhered  to  its  internal  surface  ; they  all, 
as  well  as  myself,  recognised  the  extreme  bitteniess,  characteristic 
of  the  extract  of  nux  vomica. 

It  became,  therefore,  very  certain,  that  the  parietes  of  the  great 
vessels  absorb  both  during  life  and  after  death.  It  was  now  only 
necessary  to  shew  that  the  small  vessels  enjoy  the  same  power  ; 
their  extreme  tenuity,  their  number,  the  diminished  thickness  and 
great  extent  of  their  parietes,  were  so  many  conditions  proper  to 
favour  the  production  of  the  phenomenon. 

To  produce  it  after  death,  it  became  necessary  to  find  a mem- 
brane, in  the  vessels  of  which  we  might  establish  an  internal  cur- 
rent which  should  imitate  the  circulation  of  the  blood.  I had  at 
first  chosen  a portion  of  intestine,  but  I was  obliged  to  abandon 
that  enterprise,  because  it  produced  a considerable  extravasation 
into  the  cellular  membrane,  and  the  liquid  passed  with  extreme  dif- 
ficulty from  artery  to  vein.  I took  the  heart  of  a dog  dead  the 
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previous  evening,  and  threw  water  at  86°  F.  into  one  of  his  coro^ 
nary  arteries.  The  water  returned  easily,  by  the  coronary  vein, 
into  the  right  auricle,  from  which  it  flowed  into  a vessel.  I poured 
into  the  pericardium  half  an  ounce  of  water  slightly  acidulated. 
At  first  the  injected  water  gave  no  sign  of  acidity  ; but  after  five 
or  six  minutes  it  presented  unequivocal  traces  of  it.  The  fact 
became  therefore  evident  for  small  dead  vessels  ; with  regard  to 
small  living  vessels,  I had  no  need  to  recur  to  new  experiments,  or 
to  sacrifice  new  animals.  The  experiments  which  I have  delivered 
in  my  memoir  upon  the  organs  of  absorption  in  the  mammalia^ 
had  left  no  doubt  in  that  respect,  according  to  the  decision  of  the 
Academy  itself  *. 

One  single  objection  might  still  be  offered  ; membranes,  which 
are  permeable  after  death,  do  not  appear  to  be  so  during  life.  In 
the  dead  subject,  the  bile  transudes  into  the  peritoneum,  colours  of 
a yellow  tinge  the  parts  which  surround  the  gall-bladder  ; and  this 
does  not  take  place  in  the  living  body.  The  fact  of  the  permea- 
bility of  membranes  in  the  subject  is  true.  I have  seen  it  too 
frequently  to  attempt  to  deny  it  : but  to  conclude  from  thence 
that  the  membranes  are  impermeable  during  life,  does  not  appear 
to  me  at  all  indispensable  ; for,  supposing  that  the  parietes  of  the 
living  gall-bladder  permitted  the  bile  to  traverse  them,  the  current 
of  blood  which  exists  in  the  small  vessels,  that  in  a great  measure 
constitute  its  parietes,  must  drag  along  with  it  the  bile  as  fast  as  it 
penetrates  ; so  that  the  transudation  never  takes  place  till  after 
death,  when  the  circulation  no  longer  exists,  and  nothing  is  in  ope- 
ration to  remove  the  matter  which  the  constituent  vessels  imbibe. 
Nay,  I have  often  observed  in  living  animals,  membranes  pene- 
trated and  coloured  by  the  matters  with  which  they  are  in  con- 
tact. For  instance,  if  we  introduce  into  the  pleura  of  a young 
dog  a certain  quantity  of  ink,  in  the  space  of  less  than  an  hour,  the 


* This  paper  was  read  before,  and  highly  applauded  by,  the  Imperial 
Institute.  It  is  that  from  which  our  author  l)as  derived  the  greatest  repu- 
tation, and  established  what  would  otherwise  have  been  wanting  to  com- 
plete the  present  beautiful  series  of  induction,  that  the  radicles,  or  initial 
points  of  veins  (m  other  avoids  the  small  veins),  exert  an  absorbing  jiower.—T,  ■ 


COMPENDIUM  OF  PHYSIOLOGY. 


S61 


pleura,  the  pericardium,  the  intercostal  muscles,  and  the  surface  of  imbibition, 
the  heart  itself,  become  sensibly  of  a black  colour  *. 

It  appears  to  me  then,  beyond  doubt,  that  all  the  bloodvessels, 
arterial  and  venous,  dead  or  living,  great  or  small,  present,  in  their 
parietes,  a mechanical  property,  adequate  to  render  a perfect  ex- 
planation of  the  principal  phenomena  of  absorption.  To  affirm  that 
this  property  is  the  only  one  which  produces  them,  would  be  to 
proceed  further  than  sound  logic  demands  ; but  at  least  in  the  pre- 
sent state  of  facts,  I know  nothing  which  weakens  this  explanation. 

They  come  all,  on  the  contrary,  to  range  themselves  around  this 
principal  fact. 

For  instance,  Lavoisier  and  Seguin  have  proved,  by  a series  of 
interesting  experiments,  that  the  skin  does  not  absorb  water,  ncr 
any  other  substance,  whilst  covered  with  its  epidermis.  But  the 
epidermis  is  not  at  all  of  the  same  nature  as  the  vascular  parietes  ; 
it  is  a sort  of  varnish  which  allows  of  no  imbibition,  a fact  which 
every  one  may  see  when  he  takes  a bath  ; but  immediately  that  the 
epidermis  is  removed,  the  skin  absorbs,  like  all  the  other  parts  of 
the  body,  since  the  parietes  of  its  vessels  are  in  immediate  contact 
with  the  matters  destined  to  be  absorbed.  Hence  the  necessity  of 
placing  under  the  epidermis  the  substances  which  we  would  have 
absorbed  in  variolous  and  vaccine  inoculation  ; thence  also  the  ne- 
cessity of  long  frictions,  and  often  the  employment  of  fatty  bodies, 
to  cause  the  absorption  of  certain  medicaments  by  the  skin,  when 
clothed  with  its  epidermis  ; hence  again  the  preference  that  we  give 
to  frictions,  upon  parts  of  the  skin  where  the  cuticle  is  thinnest  t. 


* We  see  still  better  this  phenomenon  upon  the  smaller  animals,  as  rabbits, 
guinea  pigs,  rats,  &c. 

Yet  with  time  the  cuticle  can  aKo  imbibe  ; this  is  daily  seen  after  the 
application  of  a cataplasm  ; the  epidermis  beneath  becomes  white,  opake, 
very  thick  ; imbibition  then  takes  place  easily  enough,  from  the  external 
surface  to  the  internal.  If  you  take,  for  instance,  the  epidermis  of  the  finger 
of  a glove,  and  turn  the  finger  back,  till  the  external  surface  become  internal, 
then  fill  the  cavity  with  water,  and  shut  the  opening  with  a thread,  the  water 
will  transude  readily  to  the  surface,  and  will  evaporate  in  a few  hours  ; if, 
on  the  contrary,  you  leave  the  external  surface  outwards,  the  water  only  eva- 
porates with  extreme  slowness,  and  the  finger  of  the  glove  filled  with  water, 
and  exposed  to  the  air,  will  only  lose  a few  grains  in  twenty-four  hours. — 
See  Cutaneous  Transpiration. a 
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I would  also  cite  as  an  example,  the  absorption  which  takes 
place,  in  all  the  parts  of  the  body,  of  the  most  irritating  substances, 
and  even  of  those  which  produce  a chemical  alteration  of  the 
tissues.  The  fact  is  entirely  contrary  to  the  idea,  that  absorption 
exerts  an  action  purely  vital,  and  that  there  is  a sort  of  choice 
exercised  by  the  absorbent  orifices  ; but  there  is  nothing  particular 
in  all  this,  as  is  evident  when  we  know  the  mechanical  nature  of 
absorption. 

Absorption  must  be  studied  in  an  especial  manner,  must  be  fol- 
lowed into  each  tissue  during  life,  and  after  death  must  be  explored, 
in  relation  to  the  different  matters  imbibed.  Hitherto  the  serous 
membranes  and  the  cellular  tissue  have  appeared  to  me,  especially 
during  life,  probably  by  reason  of  the  elevated  temperature,  to  be 
the  chief  agent  of  imbibition.  A drop  of  ink,  for  instance,  placed 
upon  the  peritoneum,  is  imbibed  by  it  instantly,  extends  itself  into 
a large  round  patch,  which  only  occupies  in  depth  the  serous  mem- 
brane. Much  more  time  is  necessary,  before  the  subjacent  tissues 
are  penetrated  by  the  substances  absorbed. 

It  is  a very  important  fact,  which  has  been  observed  by  one  of 
my  coadjutors,  M.  Fodera,  that  galvanism  accelerates  absorption,  or 
rather  imbibition,  in  a singular  manner.  Prussiate  of  potass  was 
injected  into  the  pleura,  sulphate  of  iron  was  introduced  into  the 
abdomen,  of  a living  animal  ; in  ordinary  cases,  five  or  six  minutes 
were  necessary,  before  the  two  substances  came  in  contact,  by  im- 
bibition, at  the  diaphragm  ; but  the  mixture  is  instantaneous,  if  we 
submit  the  diaphragm  to  a slight  galvanic  cunent.  The  same  phe- 
nomenon is  observed,  if  one  of  the  liquids  is  placed  in  the  urinary 
bladder,  and  the  other  in  the  abdomen,  or  even  in  the  lung  and 
cavity  of  the  pleura.  (See  Journ.  Phys.  iii.  35  ) 

The  theory  which  I have  evolved  respecting  absorption  by  the 
veins,  has  been  confirmed  by  the  pathological  observations  of  Dr 
Bouillaud,  in  a remarkable  manner.  In  studying  attentively  the 
partial  œdema  of  limbs,  he  recollected,  that  they  coincided  con- 
stantly with  the  obliteration,  more  or  less  complete,  of  the  veins  of 
the  part  suffering  infiltration.  There  are,  for  the  most  part,  fibrinous 
clots,  which  obstruct  the  vessels  ; sometimes  the  veins  are  com- 
pressed by  surrounding  tumours.  According  to  some  analogous 
observations,  M.  Bouillaud  has  been  led  to  suppose,  that  dropsies 
of  the  peritoneum  are  owing  to  the  difficulty  of  the  passage  of 
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blood  through  the  liver  ; and,  in  fact,  it  is  very  rare,  that  consi- 
derable, or  old  cases  of  ascites,  are  not  connected  with  a lesion  of 
that  organ  *, 

Passage  of  the  venous  blood  through  the  right  cavities  of  the  heart. 

If  the  heart  of  a living  animal  be  laid  bare,  it  is  easily  seen  that  Action  of 
the  right  auricle  and  ventricle  open  and  shut  alternately.  These  mo-  cavities  of 
tions  are  so  combined,  that  the  contraction  of  the  auricle  happens  at 
the  same  time  with  the  dilatation  of  the  ventricle,  and  vice  versa,  the 
contraction  of  the  ventricle  takes  place  at  the  same  instant  as  the  di- 
latation of  the  auricle.  Neither  the  one  nor  the  other  of  these  cavities 
can  dilate  without  beingfilled  immediately  with  blood,  and  when  they 
contract  they  necessarily  expel  a part  of  that  which  they  contained. 

But  such  is  the  play  of  the  tricuspid  and  sigmoid  valves,  that  the 
blood  is  forced  to  pass  successively  from  the  auricle  into  the  ventricle, 
and  ft'om  thence  into  the  pulmonary  artery. 


* I have  lately  opened,  at  the  Hôpital  de  la  Pitié,  the  body  of  a man  who 
had  died  from  cancer  f ulcer  9 J o{  the  liver  ; there  was  some  ascites,  which 
corresponds  with  the  notions  of  M.  Bouillaud  ; and  besides,  what  was  very 
remarkable,  a very  great  quantity  of  liquid  was  found  in  the  small  intestine; 
one  would  have  said  there  was  dropsy  both  on  the  inside  and  outside  of 
that  tube.  I caused  a tube  to  be  introduced  into  the  vena  porta,  and  by 
that  tube  I threw  an  injection  of  water  through  the  liver  ; the  liquid  arrived 
W'ithout  much  difficulty,  in  the  right  auricle.  The  liver,  therefore,  was  not 
completely  obstructed,  but  neither  was  the  disorganization  very  deep,  for  the 
tissue  of  the  organ  could  still  be  recognised.  Here  and  there  only  were 
seen  some  traces  of  lardaceous  degeneration  ; the  rest  of  the  parenchyma 
was  granulated  and  yellow,  the  liver  being  turned  back  upon  itself,  and 
crisped,  as  it  were.  I do  not  consider  this  fact  as  opposed  to  the  explanation 
of  M.  Bouillaud,  for  it  may  be  that  the  liver,  still  permeable  to  an  injection 
of  water,  had  ceased,  in  whole  or  in  part,  to  be  permeable  to  blood  ; or,  ac- 
cording to  my  experiments  upon  absorption,  a simple  distention  of  the  blood- 
vessels suffices  to  retard  or  even  to  prevent  absorption  ; or,  in  other  terms, 
the  imbibition  by  their  parietes.  It  may  still  be,  that  the  force  with  which 
the  injection  was  thrown  through  the  liver,  was  much  greater  than  that  which 
impelled  the  blood  in  the  vena  porta  of  the  subject  in  question.  In  all 
these  cases,  one  can  scarcely  refuse  to  allow,  that  a general  lesion  of  the 
liver,  in  which  its  tissue  is  sensibly  modified,  presents  an  obstacle  to  the  cir- 
culation of  the  blood  through  that  viscus. 
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^gWaurkie**  enter  into  tlie  details  of  this  curious  mechanism.  I have 

said,  that  the  blood  of  the  three  veins  which  terminate  in  the  right 
auricle  makes  a considerable  effort  to  penetrate  into  it.  If  it  is 
contracted,  this  effort  has  no  effect  ; but,  as  soon  as  it  dilates,  the 
blood  enters  its  cavity,  fills  it  completely,  and  even  distends  the 
sides  a little  ; it  would  immediately  enter  the  ventricle  also,  if  that 
cavity  did  not  contract  itself  at  this  instant.  The  blood,  then, 
confines  itself  to  filling  up  exactly  the  cavity  of  the  auricle  : but 
this  very  soon  contracts,  compresses  the  blood,  which  escapes  into 
the  places  where  there  is  least  compression.  Now  ft  has  only  two 
issues  : 1st,  by  the  venæ  cavæ  ; 2d,  by  the  opening  which  con- 
ducts into  the  ventricle.  The  columns  of  blood,  which  are  coming 
to  the  auricle,  present  a considerable  resistance  to  its  passage  back- 
wards, into  the  venae  cavæ.  On  the  contrary,  it  finds  every  facility 
to  enter  the  ventricle,  since  the  latter  dilates  itself  with  force,  tends 
to  produce  a vacuum,  and  consequently  draws  on  the  blood,  instead 
of  repelling  it. 

However,  all  the  blood  that  passes  out  of  the  auricle  does  not 
enter  the  ventricle  ; it  has  been  long  observed,  that,  at  each  con- 
traction of  the  auricle,  a certain  quantity  of  blood  flows  back  into 
the  superior  and  inferior  vena  cava  ; the  undulation  produced  by 
this  cause  is  sometimes  felt  as  far  as  the  external  iliac  veins,  and 
the  jugulars  : it  has  a sensible  influence,  as  we  shall  see,  upon 
the  flow  of  the  blood  in  several  organs,  and  particularly  in  the 
brain. 

The  quantity  of  blood  which  flows  back  in  this  manner,  varies 
according  to  the  facility  with  which  this  liquid  enters  the  ventricle. 
If,  at  the  instant  of  its  dilatation,  the  ventricle  still  contains  much 
blood  which  has  not  passed  into  the  pulmonary  artery,  it  can  only 
receive  a small  quantity  of  that  of  the  auricle,  and  then  the  reflux 
will  be  of  greater  extent. 

Venous  pulse.  This  happens  when  the  flow  of  blood  in  the  pulmonary  artery 
is  retarded,  either  by  obstacles  in  the  lungs,  or  by  the  want  of 
sufficient  force  in  the  ventricle.  This  reflux,  of  which  we  speak, 
is  the  cause  of  the  beating  which  is  seen  in  the  veins  of  certain 
sick  persons,  and  which  bears  the  name  of  venous  puise.  Nothing 
similar  can  take  place  in  the  coronary  vein,  for  its  opening  is  fur- 
nished with  a valve,  which  shuts  on  the  instant  of  the  contraction 
of  the  auricle. 


Not'in  coro- 
nary vein. 
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The  instant  in  which  the  auricle  ceases  to  contract,  the  ventricle 
enters  into  contraction,  the  blood  it  contains  is  strongly  pressed, 
and  tends  to  escape  in  every  direction  : it  would  return  so  much 
more  easily  into  the  auricle,  that,  as  we  have  already  frequently 
said,  it  dilates  just  at  this  instant  ; but  the  tricuspid  valve,  which 
shuts  the  auriculo-ventricular  opening,  prevents  this  reflux.  Being 
raised  by  the  liquid  introduced  below  it,  and  which  tends  to  pass 
into  the  auricle,  it  gives  way  until  it  has  become  perpendicular  to 
the  axis  of  the  ventricle  ; its  three  divisions  then  shut  almost  com- 
pletely the  opening,  and  as  the  tendons  of  the  columnce  carneæ  do 
not  permit  them  to  go  farther,  the  valve  resists  the  efforts  of  the 
blood,  and  thus  prevents  it  from  passing  into  the  auricle. 

It  is  not  the  same  with  that  blood,  which,  during  the  dilatation 
of  the  ventricle,  corresponded  to  the  auricular  surface  of  the  valve  ; 
it  is  evident,  that,  in  the  motion  of  the  ventricle,  it  is  carried  for- 
ward into  the  auricle,  where  it  mixes  with  that  which  comes  from 
the  v^nce  cnvœ  and  coronary  veins. 

Not  being  able  to  overcome  the  resistance  of  the  tricuspid  valve, 
the  blood  of  the  ventricle  has  no  other  issue  than  the  pulmonary 
arteiy,  into  which  it  enters  by  raising  the  three  sigmoid  valves  that 
supported  the  column  of  blood  contained  in  the  artery,  during  the 
dilatation  of  the  ventricle. 

I have  explained  the  most  apparent  and  best  known  phenomena 
of  the  passage  of  the  venous  blood  through  the  right  cavities  of 
the  heart  ; there  are  several  others  that  appear  to  deserve  atten- 
tion. 

A.  We  should  form  an  erroneous  idea,  were  we  to  suppose 
that,  in  the  contraction  of  the  ventricle  or  auricle,  these  cavities 
empty  themselves  completely  of  the  blood  they  contain  : in  obser- 
ving the  heart  of  a living  animal  at  the  instant  of  contraction,  the 
auricle  or  ventricle  is  seen  to  diminish  sensibly  in  size  ; but  evi- 
dently at  the  instant  when  the  contraction  stops,  there  is  still 
found  a certain  quantity  of  blood  in  the  auricle,  or  in  the  ven- 
tricle. 

Only  a part,  then,  of  the  blood  of  the  auricle  passes  into  the 
ventricle,  when  it  contracts.  The  same  thing  happens  with  the 
blood  of  the  ventricle,  of  which  only  a portion  passes  into  the  pul- 
monary artery,  when  the  ventricle  enters  into  contraction  ; these 
two  cavities  are  therefore  always  full  of  blood.  How  could  the 
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proportion  of  blood  that  is  displaced,  and  that  which  remains,  be 
determined  ? These  must  vary  according  to  the  force  with  which 
the  ventricle  or  the  auricle  contract,  the  facility  of  the  passage  of 
the  blood  into  the  pulmonary  artery,  the  quantity  of  blood  con- 
tained in  the  auricle  or  ventricle,  the  effort  of  the  three  columns  of 
blood  that  open  into  the  auricle,  &c. 

The  effort  made  by  the  column  of  venous  blood,  which  arrives 
at  the  auricle,  is  sometimes  so  considerable,  that  the  latter  can  no 
longer  contract  itself  ; it  remains  strongly  distended  for  whole 
hours  ; and  it  only  closes  upon  itself  at  the  moment  when  the  ven- 
tricle is  relaxed,  by  its  elasticity.  This  phenomenon  occurs  parti- 
cularly in  the  moments  of  great  distention  of  the  venous  system. 
It  gives  a new  proof  that  elasticity  may  supply  the  place  of  con- 
traction, and  vice  versa.  In  several  diseases  of  the  auricle,  the  cir- 
culation must  be  performed  in  this  manner. 

B.  As  soon  as  the  venous  blood  arrives  in  the  heart,  it  is  con- 
tinually agitated,  pressed,  and  beaten  by  the  motions  of  this  organ  ; 
sometimes  it  6ows  back  into  the  venœ  cavce,  or  enters  the  auricle  ; 
sometimes  it  passes  quickly  into  the  ventricle,  and  quits  it  to  pass 
again  into  the  auricle,  and  immediately  returns  into  the  ventricle  ; 
sometimes  it  penetrates  into  the  pulmonary  artery,  then  re-enters 
the  ventricle,  and  suffers  a violent  agitation  at  each  removal  *. 

The  blood,  being  so  much  agitated  and  pressed  during  the  time 
it  remains  in  the  cavities  of  the  heart,  and  in  the  pulmonary  ar- 
tery, it  must  undergo  a more  intimate  mixture  of  its  constituent 
parts.  The  chyle  and  the  lymph  that  the  two  subclavian  veins 
receive,  must  be  equally  distributed  in  the  blood  of  the  two  venae 
cavce.  These  two  sorts  of  blood  must  also  be  completely  mixed 
and  lost  in  each  other. 

I am  inclined  to  think,  with  Boerhaave,  that  the  fleshy  columns 
of  the  right  cavities,  besides  their  uses  in  the  contraction  of  these 
cavities,  must  have  a considerable  part  in  this  collision,  this  mix- 
ture of  the  different  elements  of  the  blood.  Indeed,  the  blood  that 
is  in  the  auricle  and  ventricle  not  only  fills  the  central  cavity,  but 
also  all  the  small  cells  formed  by  the  columns  ; therefore,  at  each 


* To  have  an  idea  of  the  great  energy  of  the  heart,  one  touch  of  it  in  the 
living  animal  will  suffice. 
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contraction,  it  is  driven  in  part  from  the  cells,  and  replaced  at  each 
dilatation  by  new  blood.  Being  so  divided  into  a great  number 
of  small  portions,  which  fill  the  cells  and  re-unite  when  they  are 
expelled  from  them,  the  blood  is  so  agitated,  that  its  different  ele- 
ments undergo  a mixture  very  intimate,  and  very  necessary  in  this 
liquid,  the  parts  of  which  have  such  a tendency  to  separate.  The 
chyle,  the  lymph,  the  drinks,  which  are  carried  to  the  heart  by  the 
veins,  and  which  have  not  yet  been  sufficiently  mixed  with  the 
blood,  must,  by  the  same  means,  undergo  this  mixture  in  traversing 
these  cells. 

If  we  desire  to  witness,  in  this  respect,  the  influence  of  the 
right  side  of  the  heart,  we  have  only  to  inject  a quantity  of  air 
rapidly  into  the  jugular  vein  of  a dog,  and  a few  moments  after 
examine  the  heart  ; we  will  see  the  air  agitated  in  the  auricle,  and 
a great  quantity  of  fine  froth  formed  in  the  ventricle.  I have  often 
observed  these  phenomena  in  living  animals  ; I have  lately  proved 
them  upon  a horse,  the  heart  of  which  was  previously  laid  bare  by 
an  incision  in  the  lateral  parts  of  the  thorax,  and  the  division  of 
one  of  the  ribs. 

Passage  of  venous  blood  through  the  pulmonary  artery. 

Notwithstanding  the  numerous  labours  of  physiologists  on  the 
motion  of  the  blood  in  the  arteries,  much  still  remains  to  be  done 
on  this  subject. 

Here  we  can  be  guided  only  by  observation  and  experience  ; 
the  explanations  must  be  very  limited,  for  Hydrodynamics,  the 
science  that  ought  to  furnish  them,  has  scarcely  any  existence  in 
all  that  relates  to  the  motion  of  fluids  in  flexible  canals  *. 


• I cannot  refrain  from  quoting  here  the  appropriate  language  of  D’Alem- 
bert : “ The  mechanism  of  the  human  body,  the  velocity  of  the  blood,  its 
action  on  the  vessels,  refuse  to  submit  to  theory  ; We  know  neither  the 
action  of  the  nerves,  nor  the  elasticity  of  the  vessels,  nor  their  variable  ca- 
pacity, nor  the  tenacity  of  the  blood,  nor  its  ditiFerent  degrees  of  heat.  Even 
were  each  of  these  circumstances  known,  the  great  multitude  of  elements 
which  must  enter  into  calculation,  would  probably  conduct  us  to  impracti- 
cable equations  ; it  is  one  of  the  most  complex  cases  of  a problem,  of  which 
even  the  simplest  case  would  be  extremely  difficult  to  resolve.  When  thp 
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I shall  not  adopt  the  plan  followed  by  authors  in  my  description 
of  the  motion  of  the  blood  in  the  pulmonary  artery  ; I prefer  no- 
ticing first  the  motion  of  the  blood  in  this  artery  at  the  instant  of 
relaxation  of  the  right  ventricle,  and  afterwards  observing  what 
happens  when  this  ventricle  contracts  and  presses  the  blood  into 
the  artery.  This  plan  appears  to  have  the  advantage  of  setting  in 
the  clearest  light  a phenomenon,  the  importance  of  which,  I think, 
has  not  been  sufficiently  appreciated. 

Suppose  the  artery  full  of  blood,  and  left  to  itself,  the  liquid 
will  be  pressed  in  the  whole  extent  of  the  vessel  by  the  sides 
which  tend  to  contract  upon  the  cavity  ; the  blood  being  thus 
pressed,  will  endeavour  to  escape  in  every  direction  : now  it  has 
only  two  ways  to  pass,  by  the  cardiac  orifice,  and  by  the  nume- 
rous small  vessels  that  terminate  the  artery  in  the  tissue  of  the 
lungs. 

The  orifice  of  the  pulmonary  artery  in  the  heart  being  very  large, 
the  blood  would  easily  pass  into  the  ventricle,  if  there  were  not  a 
particular  apparatus  at  this  orifice  intended  to  prevent  this  : I mean 
the  three  sigmoid  valves.  Being  pressed  against  the  sides  of  the 
artery  at  the  instant  that  the  ventricle  sends  a wave  of  blood  that 
way,  these  folds  become  perpendicular  to  its  axis  ; as  soon  as  the 
blood  tends  to  flow  back  into  the  ventricle,  they  place  themselves 
so  as  to  shut  up  the  cavity  of  this  vessel  completely. 

On  account  of  the  bag-like  form  of  the  sigmoid  valves,  they  are 
swelled  by  the  blood  that  enters  into  their  cavity,  and  their  mar- 
gin tends  to  assume  a circular  figure.  Now,  three  circular  por- 
tions, placed  upon  each  other,  necessarily  leave  a space  between 
them.'"'' 

V\  hen  the  valves,  therefore,  of  the  pulmonary  artery  are  lowered 
by  the  reflux  of  the  blood,  there  ought  to  remain  an  opening,  by 
which  this  liquid  may  flow  back  into  the  ventricle. 

If  each  valve  were  alone,  it  would  undoubtedly  take  a semicir- 
cular form  ; but  there  are  three  of  them  : being  pressed  by  the 
blood,  they  all  lie  close  together  : and  as  they  cannot  extend  as 
far  as  their  fibres  permit  them,  they  press  upon  each  other,  on  ac- 


effects  of  nature,”  adds  thisillustrious  geometer,  “are  too  complicated  to  be 
submitted  to  our  calculations,  experiment  is  the  only  method  which  remains 
to  us.” 
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count  of  the  small  space  in  which  they  are  contained,  and  which 
does  not  permit  their  extending  themselves.  The  valves  then  as- 
sume the  figure  of  three  triangles,  whose  summit  is  in  the  centre 
of  the  artery,  and  the  sides  are  in  juxta-position,  so  as  completely 
to  intercept  the  cavity  of  the  artery.  Perhaps  the  knots,  or  but- 
tons, named  corpuscula  sesamoidea,  which  are  upon  the  summit  of 
each  of  the  triangles,  are  intended  to  shut  more  perfectly  the  centre 
of  the  artery  . 

In  Older  to  view  this  folding  of  the  valves,  melted  grease  or  wax 
ought  to  be  injected  very  slowly  into  the  pulmonary  artery,  and 
directed  towards  the  ventricle  ; the  injected  matter  having  reached 
the  valves,  fills  them,  and  folds  them  downwards  and  inwards  against 
each  other,  and  the  orifice  of  the  vessel  is  so  perfectly  shut,  that 
not  a drop  of  the  injection  passes  into  the  ventricle.  When  the 
grease  or  wax  is  solidified  by  cooling,  the  manner  in  which  the 
valves  shut  the  opening  of  the  artery  may  then  be  examined. 

Finding  no  passage  into  the  ventricle,  the  blood  will  pass  into 
the  radicles  of  the  pulmonary  veins,  with  which  the  small  arteries 
that  terminate  the  pulmonary  artery  form  a continuation,  and  this 
passage  will  continue  as  long  as  the  sides  of  the  artery  press  the 
contained  blood  with  sufficient  force  ; and,  except  in  the  trunk  and 
principal  branches,  this  effect  continues  until  the  whole  of  the  blood 
is  expelled. 

We  might  suppose  the  smallness  of  the  vessels  that  terminate  Action  of  the 

I 1 pulmonary 

the  pulmonary  artery  an  obstacle  to  the  flow  of  blood  : that  might  artery, 
be  if  they  were  not  numerous,  or  if  the  capacity  of  the  whole  were 
less,  or  even  equal  to  that  of  the  trunk  ; but  as  they  are  innumer- 
able, and  their  capacity  is  much  greater  than  that  of  the  trunk, 
there  is  difficulty  in  the  motion.  It  is  true  that  the  distention  or 
subsidence  of  the  lungs  renders  this  passage  more  or  less  easy,  as 
will  be  seen  farther  on. 

In  order  that  this  flow  may  take  place  with  facility,  the  force 
of  contraction  of  the  different  divisions  of  the  artery  ought  to  be 
every  where  in  relation  to  their  size  ; if,  on  the  contrary,  that  of 
the  small  were  greater  than  that  of  the  large,  as  soon  as  the  first 
had  expelled  the  blood  by  which  they  were  filled,  they  would  not 
be  sufficiently  distended  by  the  blood  coming  from  the  second,  and 

* Sonac,  Traité  de  Cœur,  &c. 
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the  flow  of  blood  would  be  retarded  : now,  what  takes  place  is 
quite  the  contrary  to  this  supposition.  If  the  pulmonary  artery 
of  a living  animal  were  tied  immediately  above  the  heart,  almost 
all  the  blood  contained  in  the  artery  at  the  instant  of  ligature 
would  pass  quickly  into  the  pulmonary  veins,  and  arrive  at  the 
heart. 

This  is  what  happens  when  the  blood  contained  in  the  pulmonary 
artery  is  exposed  to  the  single  action  of  this  vessel  ; but  in  the 
common  state,  at  each  contraction  of  the  right  ventricle,  a certain 
quantity  of  blood  is  thrown  with  force  into  the  artery  ; the  valves 
are  immediately  raised  ; the  artery,  and  almost  all  its  divisions,  are 
so  much  more  distended,  in  proportion  as  the  heart  is  more  forcibly 
contracted,  and  as  the  quantity  of  blood  injected  into  the  artery  is 
greater.  The  ventricle  dilates  immediately  after  its  contraction, 
and  at  this  instant  the  sides  of  the  artery  contract  also  ; the  sig- 
moid valves  descend  and  shut  the  pulmonary  artery,  until  they  are 
raised  by  a new  contraction  of  the  ventricle. 

Such  is  the  second  cause  of  the  motion  of  the  blood  in  the 
artery  that  goes  towards  the  lungs  ; we  see  it  is  intermittent  ; let 
us  endeavour  to  appreciate  its  effects  : for  which  purpose  let  us 
consider  the  most  apparent  phenomena  of  the  flow  of  blood  in  the 
pulmonary  artery. 

I have  just  said,  that  in  the  instant  the  ventricle  injects  the 
blood  into  the  artery,  the  trunk,  and  all  the  divisions  of  a certain 
size,  undergo  an  evident  dilatation.  This  phenomenon  is  called 
the  pulsation  of  the  artery.  The  pulsation  is  very  sensible  near 
the  heart  ; it  becomes  feeble  in  proportion  to  its  distance  from  it  ; 
when  the  artery,  by  being  divided,  has  become  very  small,  it 
ceases. 

Another  phenomenon,  which  is  only  the  consequence  of  the  pre- 
ceding, is  observed  when  the  artery  is  opened. 

If  it  be  near  the  heart,  and  in  a place  where  the  beating  is  sen- 
sible, the  blood  spouts  out  by  jerks  ; if  the  opening  be  made  far 
from  the  heart,  and  in  a small  division,  the  jet  is  continued  and 
uniform  ; lastly,  if  one  of  the  very  small  vessels  that  terminate  the 
artery  be  opened,  the  blood  flows,  but  without  forming  any  jet  ; 
it  flows  uniformly  in  a sheet. 

We  see  at  first  in  these  phenomena  a new  application  of  the 
principle  of  hydrodynamics,  as  already  mentioned,  with  regard  to 
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the  influence  of  the  size  of  the  tube  upon  the  liquid  that  flows  in 
it  ; the  greater  the  tube  is,  the  rapidity  is  the  less.  This  capacity 
of  the  vessel  increasing  according  as  it  advances  towards  the  lungs, 
the  quickness  of  the  blood  necessarily  diminishes. 

With  regard  to  the  pulsation  of  the  artery,  and  the  iet  of  blood  Flow  of 
, ^ r . , . . , . , , , blood  in  the 

that  escapes  from  it  when  it  is  open,  we  see  plainly  that  these  two  pulmonary 

effects  depend  on  the  contraction  of  the  right  ventricle,  and  the 
introduction  of  a certain  quantity  of  blood  into  the  artery,  which 
takes  place  by  this  means.  Why  do  these  two  effects  become 
weaker  in  proportion  to  the  distance  ? and  why  do  they  cease  en- 
tirely in  the  last  divisions  of  the  artery  ? I think  it  is  not  impossi- 
ble to  give  a satisfactory  mechanical  reason  for  it.  Let  us  suppose  Explanation 
a cylindrical  canal  of  any  length,  with  elastic  sides,  and  full  of  tkin’o/puïa- 
liquid  ; if  all  at  once  a certain  quantity  of  new  liquid  is  introduced,  small  ar-’^ 
the  pressure  will  be  equally  distributed  over  all  the  points  of  the 
sides  which  will  be  equally  distended.  Let  us  now  suppose  that 
the  canal  is  longitudinally  divided  into  two  parts,  the  united  sec- 
tions of  which  form  a surface  equal  to  that  of  the  section  of  the 
canal  ; the  distention,  produced  by  the  rapid  introduction  of  a 
certain  quantity  of  liquid,  will  be  less  felt  in  the  two  divisions  than 
in  the  canal  ; for  the  whole  circumference  of  the  two  canals  being 
greater  than  that  of  the  single  one,  it  will  give  more  resistance  ; 
and  if  we  suppose  that  these  first  divisions  are  divided  and  subdi- 
vided ad  infinitum,  as  the  sum  of  the  circumferences  of  the  small 
canals  will  be  much  greater  than  that  of  the  single  canal,  the  same 
cause  that  produces  a sensible  distention  in  the  canal  and  its  prin- 
cipal divisions,  will  not  produce  any  that  can  be  felt  in  the  last 
divisions,  on  account  of  the  more  considerable  resistance  of  the 
sides  *.  The  phenomenon  will  be  still  more  remarkable  if  the  ca- 
pacity of  the  divisions,  in  place  of  being  equal,  be  greater  than  that 


* To  comprehend  this,  it  must  he  recollected,  that  the  areas  of  circles  are 
to  each  other  as  the  squares  of  their  diameters.  Thus,  in  the  proposed  divi- 
sion into  two  others,  if  each  circumference  become  only  half  the  primitive 
one,  the  areas  of  each  of  the  secondary  canals  would  only  be  a fourth  of  the 
area  of  the  primitive  canal  ; and  their  two  areas,  united,  would  only  equal 
the  half  of  the  primitive  area.  That  they  may  be  equal,  the  united  circum- 
ferences of  the  two  divisions  must  exceed  the  circumference  of  the  principal 
canal.  (^Intha  ratio  nf2  \ i Tr.) 
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of  the  canal.  This  last  supposition  is  realized  in  the  pulmonary 
artery,  the  capacity  of  which  augments  in  proportion  as  it  is  divided 
and  subdivided  ; it  is  consequently  evident  that  the  effects  of  the 
introduction  of  the  quantity  of  blood  at  every  contraction  of  the 
right  ventricle,  must  diminish  by  the  distance,  and  cease  entirely 
in  the  last  divisions  of  the  vessel. 

What  ought  not  to  be  omitted  is,  that  the  contraction  of  the 
right  ventricle  is  the  cause  that  constantly  keeps  the  elasticity  of 
the  sides  of  the  artery  in  play  ; that  is,  which  maintains  them  in  a 
state  of  distention,  to  such  a degree,  that,  by  virtue  of  their  elasti- 
city, they  continually  tend  to  contract  and  expel  the  blood.  Ac- 
cording to  this,  we  see  that,  of  the  two  causes  that  move  the  blood 
in  the  pulmonary  artery,  only  one  exists  in  reality  ; this  is  the  con- 
traction of  the  ventricle,  that  of  the  artery  being  only  the  effects  of 
the  distention  it  undergoes  when  a certain  quantity  of  blood  has 
entered  its  cavity  by  the  pressure  of  the  ventricle. 

Some  authors  have  supposed  that  this  closing  of  the  pulmonary 
artery  presents  something  analogous  to  the  contraction  of  the 
muscles  ; but  if  it  be  either  pricked  by  the  point  of  an  instrument, 
or  irritated  by  caustic,  or  if  it  be  submitted  to  a galvanic  current, 
still  no  motion  takes  place  similar  to  that  of  the  muscular  fibres. 
This  contraction,  then,  ought  to  be  considered  as  the  effect  of  the 
elasticity  of  the  sides  of  the  vessel. 

eVastiaty  of'*  To  shew  the  importance  of  the  elasticity  of  the  sides  of  the 

theartwieî  artery,  let  us  suppose  it  to  become  an  inflexible  canal,  with  its  ordi- 
nary form  and  dimensions  ; the  flow  of  the  blood  would  be  in- 
stantly changed  : in  place  of  traversing  the  lungs  in  a continued 
manner,  it  would  no  longer  pass  into  the  pulmonary  veins,  except 
in  the  instant  when  pressed  by  the  ventricle  : this  last  must  also  be 
supposed  to  send  always  as  much  blood  as  will  keep  the.  artery 
quite  full  ; were  it  otherwise  the  ventricle  might  be  several  times 
contracted  before  the  blood  would  pass  into  the  lungs.  In  place  of 
that,  let  us  see  what  really  happens  : let  the  ventricle  cease  for 
some  instants  to  send  blood  into  the  artery,  the  advance  of  the  blood 
into  the  lungs  will  nevertheless  continue,  for  the  artery  will  con- 
tract according  as  the  blood  flows,  and  the  progress  of  the  blood 
would  not  stop  enlirel5^,  until  the  artery  contained  no  more  : this 
stoppage  of  the  blood  cannot  take  place  during  life.  The  passage  of 
the  blood  through  the  lungs  is  necessarily  continuous,  and  nearly  of 
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equal  rapidity,  whatever  be  the  quantity  of  blood  sent  by  the  ven- 
tricle into  the  pulmonary  artery  at  each  contraction. 

The  quantity  of  blood  that  enters  into  the  pulmonary  artery,  at  Quantity  of 
each  contraction  of  the  ventricle,  has  been  repeatedly  endeavoured  passes  outof 

‘ , the  ventricle 

to  be  determined  ; generally  the  capacity  of  the  ventricle  has  been  at  each  con- 

° ■'  . . . , traction. 

taken  as  the  measure,  on  the  supposition  that  all  the  blood  which 
is  in  it  passes  into  the  artery  at  the  instant  of  contraction  : the 
quantity  has  been  supposed  considerable  ; but  what  has  been  said 
above  shews  how  inexact  this  estimate  is  ; and  as  it  is  impossible 
to  know  how  much  enters,  and  how  much  remains,  these  calcula- 
tions evidently  cannot  be  considered  as  true. 

What  is  most  necessary  to  be  known,  is  the  mechanism  by  which 
the  blood  passes  from  the  ventricle  into  the  artery,  and  that  of  its 
. flowing  in  this  vessel  ; though  the  quantity  of  blood  which  passes  in 
a given  time  were  known  exactly,  it  would  not  be  of  great  utility. 

While  flowing  through  the  small  vessels  that  terminate  the  artery, 
and  that  give  commencement  to  the  pulmonary  veins,  the  venous 
blood  changes  its  nature  by  the  effect  of  the  contact  of  air  ; it  ac- 
quires the  qualities  of  arterial  blood  : it  is  this  change  in  the  pro- 
perties of  the  blood  which  essentially  constitutes  respiration. 

OF  RESPIRATION,  OR  TRANSFORMATION  OF  VENOUS  INTO 
ARTERIAL  BLOOD. 

One  of  the  indispensable  conditions  to  our  existence,  is,  that  Contact  of  au- 
the  blood  must  be  constantly  brought  in  contact  with  the  air  by  a 
surface  in  extent  equivalent  to  the  surface  of  the  body.  In  this 
contact  the  air  removes  from  the  blood  some  of  the  elements  which 
compose  it  ; and  reciprocally  blood  acquires  some  of  the  elements 
of  the  air.  The  chemical  exchange  which  is  thus  established  be- 
tween the  blood  and  air,  constitutes  respiration,  or  the  transforma- 
tion of  venous  into  arterial  blood. 

Some  respectable  authors  have  another  idea  ; they  define  it  to 
be  the  alternate  entrance,  and  exit,  of  air  from  the  lungs  ; but  this 
double  motion  may  take  place  without  respiration.  Others  assert 
that  it  consists  in  the  passage  of  the  blood  through  the  lungs  ; but 
this  passage  frequently  takes  place  without  any  respiration. 

To  study  this  function  with  success,  it  is  necessary  to  have  an 
exact  knowledge  of  the  structure  of  the  lungs,  and  precise  ideas  of 
the  chemical  and  physical  properties  of  the  air:  we  must  know  by 
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what  mechanism  the  air  enters,  and  passes  out  of  the  chest.  After 
we  have  determined  each  of  these  points,  we  shall  describe  the  phe- 
nomenon of  the  transformation  of  venous  into  arterial  blood. 

Of  the  lungs. 

In  the  structure  of  the  lungs,  nature  has  resolved  a problem  in 
mechanics  of  much  difficulty  : she  has  established  an  immense  sur- 
face of  contact  between  the  blood  and  the  air,  though  within  the  in- 
considerable space  occupied  by  the  lungs.  The  admirable  artifice  she 
has  employed,  consists  in  this,  that  each  of  the  little  vessels  which 
terminate  the  pulmonary  artery,  and  commence  the  veins  of  the 
same  name,  is  surrounded  on  all  sides  by  air.  Now,  adding  to 
this  the  parietes  of  all  the  capillaries  of  the  lung,  we  shall  have  a 
surface  extremely  extended,  where  the  blood  is  only  separated  from 
the  air  by  the  thin  wall  of  the  vessels  which  contain  it.  If  that  wall 
were  impermeable,  as  a metallic  plate,  for  example,  would  be,  to 
no  purpose  would  the  air  be  found  so  near  the  blood  ; no  chemical 
action  could  take  place  between  the  one  and  the  other  of  the  two 
bodies  : but  all  the  membranes  of  the  economy,  particularly  those 
which  are  thin,  are  easily  permeable  to  gases,  and  even  to  liquids 
not  viscid,  so  that  the  parietes  of  the  pulmonary  capillaries,  suffi- 
ciently thick  to  retain  all  the  viscous  part  of  the  blood,  oppose  but 
little  obstacle  to  the  passage  of  the  gases,  and  of  the  serum  of  the 
blood  : they  in  like  manner  suffer  themselves  to  be  traversed  by  li- 
quids or  vapours  which  have  been  accidentally  introduced  into  the 
lungs. 

It  must  not,  however,  be  supposed,  that  relatively  to  respiration 
the  lung  has  specific  properties  quite  different  from  other  organs: 
for  all  the  little  vessels  of  the  body  which  contain  venous  blood,  and 
which  are  found  accidentally  in  contact  with  the  air,  become  the  seat 
of  the  phenomenon  of  respiration.  The  lung  is  alone  a great  deal 
more  aptly  disposed  than  any  other  organ  for  the  production  of  this 
phenomenon. 

Anatomically  speaking,  the  lungs  are  two  spongy  and  vascular 
organs,  of  a considerable  size,  situated  in  the  lateral  parts  of  the 
chest.  Their  parenchyma  is  divided  and  subdivided  into  lobes  and  lo- 
bules, the  forms  and  dimensions  of  which  it  is  difficult  to  determine. 

We  learn  by  the  careful  examination  of  a pulmonary  lobule,  that 
it  is  formed  of  a spongy  tissue,  the  areolae  of  which  are  so  small, 
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that  a strong  lens  is  necessary  to  observe  them  distinctly  ; these 
areolce  all  communicate  with  each  other,  and  they  are  surrounded 
by  a thin  layer  of  cellular  tissue  which  separates  them  from  the 
adjoining  lobules. 

Into  each  lobule  enters  one  of  the  divisions  of  the  bronchia  and  structure  of 
one  of  the  pulmonary  artery  ; this  last  is  distributed  in  the  sub-  nary  lobuies. 
stance  of  the  lobule  ; it  is  there  transformed  into  the  numerous 
radicles  of  the  pulmonaiy  veins.  These  are  numerous  small  ves- 
sels, by  which  the  artery  terminates  and  the  pulmonary  veins  be- 
gin, and  which  crossing  and  joining  in  different  manners,  form  the 
areolce  of  the  lobular  tissue  *.  The  small  bronchial  division  that 
ends  in  the  lobule,  does  not  enter  into  the  anterior  of  it,  but  breaks 
oft'  as  soon  as  it  has  arrived  at  the  parenchyma. 

This  last  circumstance  appears  remarkable  ; because,  since  the 
bronchia  do  not  penetrate  into  the  spongy  tissue  of  the  lungs,  it  is 
not  probable  that  the  surface  of  the  cells  with  which  the  air  is  in 
contact  is  covered  by  the  mucous  membrane.  The  most  minute 
anatom)'^,  at  least,  cannot  prove  its  existence  in  this  place. 

A part  of  the  nerve  of  the  eighth  pair,  and  some  filaments  of  the  structure  of 
sympathetic,  are  expended  on  the  lungs,  but  it  is  not  known  how 
they  are  distributed  ; the  surface  of  the  organ  is  covered  by  the 
pleura,  a serous  membrane,  similar  to  the  peritoneum  in  its  struc- 
ture and  functions. 

Around  the  bronchia,  and  near  the  place  where  they  enter  into  Bronchial 
the  tissue  of  the  lungs,  a certain  number  of  lymphatic  glands  exist, 
the  colour  of  which  is  almost  black,  and  to  which  the  small  number 
of  lymphatic  vessels  which  spring  from  the  surface,  and  from  the 
interior  of  the  pulmonary  tissue,  are  directed. 

With  regard  to  the  lungs,  we  receive  from  the  art  of  delicate  in- 
jections some  information  that  we  ought  not  to  neglect. 

If  we  inject  coloured  water  into  the  pulmonary  artery,  the  in- 
jected matter  passes  immediately  into  the  pulmonary  veins,  but  at 
the  same  time  a small  portion  enters  the  bronchia.  If  the  matter 
be  injected  into  a pulmonary  vein,  it  passes,  partly  into  the  artery, 
and  partly  into  the  bronchia.  Lastly,  if  it  be  introduced  into  the 
trachea,  it  very  soon  penetrates  into  the  artery,  into  the  pulmonary 
veins,  and  even  into  the  bronchial  artery  and  vein. 


This  structure  is  most  remarkably  evident  in  the  lungs  of  reptiles. 
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The  lungs  fill  up  a great  part  of  the  cavity  of  the  chest,  and  enlarge 
and  contract  with  it  ; formed  almost  entirely  of  bloodvessels,  or  very 
elastic  air  tubes,  they  are  consequently  endowed  with  great  elastici- 
ty ; and  as  they  communicate  with  the  external  air  by  the  trachea 
and  larynx,  every  time  that  the  chest  enlarges,  it  is  distended  by  the 
air,  which  is  again  expelled  when  the  chest  resumes  its  former  di- 
mensions. VVe  must  then  necessarily  stop  to  examine  this  cavity. 

The  breast,  or  thorax,  is  of  the  form  of  a cone,  or  more  properly 
of  a conoid,  the  summit  of  which  is  above  and  the  base  below  ; be- 
liind,  the  chest  is  formed  by  the  dorsal  vertebrae  ; before,  by  the 
sternum  ; and  laterally,  by  the  ribs  ; these  last  bones  are  twelve  in 
number  in  each  side  : the  ribs  are  divided  into  vertebrosternal  and 
vertebral.  There  are  seven  of  the  first,  and  five  of  the  second. 
The  vertebro-sternal,  or  the  true  ribs,  are  above  ; they  articulate 
behind  with  the  vertebra,  like  the  vertebrals,  and  before,  with  the 
sternum,  by  means  of  a prolongation  called  the  cartilage  of  the  ribs. 

The  apparent  form  and  dimensions  of  the  breast  are  determined 
by  the  length,  disposition,  and  motion  of  the  ribs  upon  the  vertebra. 

The  same  muscle,  which,  as  we  have  seen,  forms  the  superior  pa- 
rietes  of  the  abdomen,  forms  also  the  inferior  parietes  of  the  thorax  ; 
it  is  attached  by  its  circumference  to  the  outline  of  the  base  of  the 
breast  ; but  its  centre  rises  into  the  pectoi’al  cavity,  and  when  re- 
laxed it  forms  a vault,  the  middle  of  which  is  on  a level  with  the 
inferior  extremity  of  the  sternum  : so  that  the  cavity  of  the  thorax 
is  divided  into  two  portions,  the  superior  or  pectoral,  and  the  in- 
ferior or  abdominal.  In  the  first  only  are  lodged  the  pectoral  or- 
gans, such  as  the  lungs,  the  heart,  &c.  The  second  contains  the 
liver,  the  spleen,  the  stomach,  &c. 

Numerous  muscles  are  attached  to  the  bones  that  form  the  frame 
of  the  thorax  ; some  of  these  muscles  are  intended  to  render  the 
ribs  less  oblique  upon  the  vertebral  column,  or  to  enlarge  the  capa- 
city of  the  breast  ; others  lower  the  ribs,  render  them  more  oblique 
upon  the  vertebrae,  and  thus  diminish  the  capacity  of  the  thorax. 

It  is  necessary  to  take  notice  of  the  mechanism  by  which  the 
breast  is  enlarged  or  diminished,  many  phenomena  of  respiration 
being  intimately  connected  with  its  variations  of  capacity. 

The  chest  is  capable  of  being  dilated  vertically,  transversely,  for- 
wards and  backwards  ; that  is,  in  the  direction  of  its  principal  dia- 
meters. 
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The  principal  and  almost  the  only  agent  of  the  vertical  dilatation  Enlargement 
is  the  diaphragm,  which,  in  contracting,  tends  to  lose  its  vaulted  bj  contraction 
form,  and  to  become  a plane  *,  a motion  which  cannot  take  place  phragm. 
without  the  pectoral  portion  of  the  thorax  increasing,  and  the  ab- 
dominal portion  diminishing. 

The  sides  of  this  muscle,  which  are  fleshy,  and  correspond  with 
the  lungs,  descend  farther  than  the  centre,  which,  being  aponeuro- 
tic, can  make  no  effort  by  itself,  and  is,  besides,  retained  by  its 
union  with  the  sternum  and  pericardium. 

In  most  cases  this  lowering  of  the  diaphi’agm  is  sufiBcient  for  the 
dilatation  of  the  breast  ; but  it  often  happens  that  the  sternum  and 
ribs,  in  changing  the  position  between  them  and  the  vertebral  co- 
lumn, produce  a sensible  augmentation  in  the  pectoral  cavity. 

As  soon  as  the  physical  disposition  of  the  parts  is  well  known.  Mechanism  of 
nothing  is  more  easy  to  conceive  than  the  mechanism  of  this  mo-  theribs?°°  ” 
tion  ; it  has,  nevertheless,  been  the  object  of  keen  discussions  be- 
tween authors  of  consideration,  who  have  given  to  the  question  an 
importance  which  perhaps  it  did  not  deserve. 

If  such  disputes  could  lead  to  truth,  the  time  spent  in  them  by 
learned  men  might  be  less  regretted  ; but  this  result  rarely  takes 
place  ; at  least  it  has  not  happened  with  regard  to  the  mechanism  of 
the  dilatation  of  the  thorax.  Haller,  after  a great  number  of  reason- 
ings, and  apparently  perfect  experiments,  succeeded  in  making  his 
ideas  predominate,  and  yet  they  are  any  thing  but  satisfactory.  See 
his  Ph.  iii.  39  j-. 


• The  descent  of  the  diaphragm,  however,  may  take  place  by  a lateral  ap- 
proach towards  the  septum. 

It  is  not  easy  to  express  in  decent  terras  the  extreme  absurdity  of  the 
jjaradox  which  our  author  has  been  tempted  to  exhibit  here,  and  which  due 
respect  for  the  understanding  of  British  students  has  caused  us  to  include 
between  brackets  to  page  379.  As  totally  void  of  scientific  accuracy,  and  as  a 
sort  of  dialectic  lapsus  of  the  author,  we  had  designed  to  leave  out  the  whole 
passage  ; but  recollecting  that  we  had  met  with  persons,  and  read  disserta- 
tions, by  which  the  opinions  of  Hamberger  and  M.  Magendie  were  main- 
tained, we  did  not  venture  to  take  that  liberty.  Motion  is  change  of  place  ; 
we  have  then  merely  to  ask  what  it  is  that  changes  the  place  of  the  ribs  ? 
The  ascent  of  the  sternum,  says  M.  Magendie  ; but  he  forgets  the  advance 
proper  to  its  lower  extremity,  which,  however,  necessitates  a greater  ascent 
of  the  ribs  thereto  attached;  he  forgets  the  rotation  of  these  upon  the  axes  of 
their  own  planes,  which  must  be  more  extensive  as  the  axes  are  more  dis- 
tant ; and  commits  the  puerility  of  virtually  denying  all  action  to  the  inter- 
costals,  the  most  beautiful  system  of  muscles  in  the  body Tr. 
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[I  shall  explain  myself  on  this  point  with  all  the  freedom  that  such 
respectable  authority  demands. 

His  explanation  of  the  dilatation  of  the  thorax,  generally  adopt- 
ed at  present,  rests  upon  a foundation  which  I think  false  : he  lays 
down  as  a fact,  that  the  first  rib  is  nearly  immovable,  and  that  the  tho- 
rax cannot  make  any  total  movement,  either  up  or  down.  It  is  difficult 
to  conceive  how  so  able  an  observeras  Haller  could  advance  and  main- 
tain such  an  idea  ; for  it  is  suflBcient  to  examine  the  motions  of  respi- 
ration in  one's-self,  to  prove  that  the  sternum  and  the  first  rib  rise  in  in- 
spiration, and  descend  in  expiration.  The  examination  of  the  thorax  in 
the  dead  body  gives  the  same  result  ; the  sternum  has  onlyto  be  drawn 
upwards  ; it  yields,  and  all  the  sternal  ribs,  comprehending  the  first, 
move  upon  the  vertebral  column,  and  the  thorax  sensibly  enlarges. 

After  having  established  that  the  first  rib  is  almost  immovable,  he 
says  that  the  second  presents  a mobility  five  or  six  times  greater  ; 
that  the  third  is  still  greater  ; and  that  the  mobility  goes  on  increas- 
ing to  the  very  last. 

In  noticing  only  the  true  ribs,  which  alone  are  of  importance 
here,  I believe  that  observation  is  quite  contrary  to  what  Haller  has 
advanced,  which  is,  that  the  first  rib  is  more  movable  than  the  se- 
cond, the  second  than  the  third,  and  so  on  to  the  seventh. 

But  in  judging  soundly  of  the  degree  of  mobility  of  the  ribs,  we 
must  not  observe  the  motion  of  their  extremity  alone  ; because,  as 
they  are  of  unequal  length,  a slight  motion  in  the  articulation  when 
the  rib  is  long,  will  appear  greater  at  the  extremity  ; in  the  same 
manner,  a considerable  motion  in  the  articulation  of  a short  rib  when 
examined  at  its  extremity,  would  appear  small.  On  the  contrary,  it 
is  necessary  to  consider  the  motion  of  the  ribs  all  at  the  same  length, 
and  it  will  be  evidently  seen  that  the  mobility  decreases  from  the 
first  to  the  seventh  ; this  last  is  almost  immovable 


• Mohilily  of  the  ribs  is  an  expression  which  may  be  understood  different- 
ly, and  which  consequently  is  obscure  ; I apply  it  here  solely  to  the  true  ribs, 
supposing  each  of  them  of  a length  equal  to  the  first.  I measure  the  arch  of 
the  circle  that  the  free  extremity  of  the  ribs,  thus  cut,  could  describe  by 
moving  from  below  upwards,  or  trom  above  downwards.  I then  examine  the 
movement  of  rotation  that  they  may  perform  upon  themselves,  and  I perceive 
that  the  first  rib  is  a great  deal  more  movable  than  the  seventh.  The  first 
rib  enjoys  even  a species  of  movement,  which  is  not  met  with  in  any  other 
rib  ; it  can  be  elevated  lotully  upwards,  for  nearly  the  extent  of  a centimetre, 
.jij,  of  an  English  inch,  in  consequence  of  the  want  of  the  internal  liga- 
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The  anatomical  disposition  of  the  posterior  articulations  is  the 
cause  of  this  difference  of  mobility. 

The  first  rib  has  only  one  articular  facet  at  its  head,  and  articu-  Reasonsof  the 

^ ' first  rib  being 

lates  with  only  one  vertebra  ; it  has  no  intentai  ligament,  and  no  movawe. 
costo-transversal  ligament.  The  posterior  ligament  of  the  articu- 
lation with  the  transverse  apophysis,  is  horizontal,  and  can  prevent 
neither  the  elevation  nor  the  descent  of  the  rib. 

None  of  these  favourable  dispositions  exist  in  the  other  true  ribs  ; 
they  have  two  articular  facets  at  their  heads,  and  articulate  with 
two  vertebrae.  There  is  an  internal  ligament  in  the  articulation, 
which  permits  only  a very  limited  sliding  motion  ; a costo-trans- 
versal ligament,  fixed  to  the  superior  transverse  process,  prevents 
the  descent  of  the  rib  ; a posterior  ligament,  directed  from  below 
upwards,  is  seen  behind  the  articulation  of  the  tuberosity,  and 
prevents  the  elevation  of  the  rib.  At  any  rate,  little  shades  of 
diflTerence,  in  the  disposition  of  these  different  ligaments,  allow  of 
the  different  degsees  of  mobility  that  we  have  mentioned. 

Besides,  by  the  least  mobility  existing  in  the  longest  ribs,  it  is 
evident  that  there  is  a compensation  [in  these  tivo  circumstances)  ; 
and  that,  for  this  reason,  the  long  ribs  can  perform  movements  as 
extensive  as  the  first,  though  less  movable  ; from  the  same  cause, 
they  may  possibly  present  {occasionally)  a more  extensive  motion. 

This  compensation  presents  advantages  ; for  the  true  ribs,  their 
cartilages,  the  sternum,  cannot  move  except  together,  and  the  mo- 
tion of  one  always  occasions  that  of  the  whole  ; it  then  follows, 
that  if  the  inferior  ribs  were  more  movable,  they  could  not  pro- 
duce a motion  more  extensive  than  that  of  which  they  are  suscep- 
tible, and  the  solidity  of  the  thorax  would  be  diminished  without 
any  advantage  being  gained  by  its  mobility. 

In  most  subjects,  and  often  in  the  most  advanced  age,  the  ster-  piayofthe 
num  is  composed  of  two  pieces *  *,  articulated,  by  movable  symphy-  th^s^ernum! 
sis,  at  the  level  of  the  cartilage  of  the  second  rib.  This  disposition, 
permitting  the  superior  extremity  of  the  inferior  piece  to  go  a little 


ment,  in  its  vertebral  articulation.  Now,  if  we  were  to  call  the  slight  mo- 
tion which  may  take  place  in  their  sternal  articulation,  the  mobility  of  the  ribs, 
or  even  that  which  the  elasticity  of  their  cartilage  permits,  it  is  evident  that 
the  first  rib  must  be  less  movable  than  the  others. 

* See  this  fact  announced  in  M.  H.  Cloquet’s  .'Vnatomy. — It  was  well 
known  to  Vesalius.— Tr. 
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forward,  contributes  to  the  enlargement  of  the  breast  in  a manner 
whiHi,  I believe,  has  not  hitherto  been  noticed.*^ 

But  what  muscles  raise  the  sternum  and  the  ribs,  and  thereby 
dilate  the  chest?  If  we- can  believe  Haller,  the  intercostals  are  the 
principal  agents  of  this  elevation.  He  says  that  the  first  intercos- 
tals find  a fixed  point  upon  the  first  rib,  which  is  immovable,  and 
raise  the  second  rib;  and  the  other  intercostals  all  in  succession 
take  their  fixed  point  upon  the  superior  rib,  and  raise  the  inferior. 

We  have  just  now  seen  that  the  first  rib  is  far  from  being  im- 
movable ; the  explanation  of  Haller,  then,  is  by  this  rendered  void, 
and  I do  not  think  that  the  external  or  internal  intercostals  are 
capable,  whatever  has  been  said  of  them,  of  producing  the  eleva- 
tion of  the  ribs.  I think  the  muscles  intended  for  this  use  are 
those  which,  having  mediately  or  immediately  one  extremity  fixed 
upon  the  vertebral  column,  the  head,  or  the  other  superior  mem- 
bers ; can  act  by  the  other,  either  directly  or  indirectly,  upon  the 
thorax,  in  such  a manner  as  to  raise  it. 

Amongst  these  muscles,  I would  notice  the  posterior  and  ante- 
rior scaleni,  the  levatores  costarum  Albini,  the  muscles  of  the  neck 
that  are  attached  to  the  sternum,  &c.  I would  add  a muscle  to 
which  this  use  has  not  hitherto  been  attributed,  which  is  the  dia- 
phragm. In  fact,  this  muscle  is  attached,  by  its  circumference,  to 
the  inferior  extremity  of  the  sternum,  to  the  seventh  true  rib,  and 
to  all  the  false  ones;  when  it  contracts,  it  presses  down  the  viscera  ; 
but  for  that,  the  sternum  and  the  ribs  must  present  a sufficient  re- 
sistance to  the  effort  that  it  makes  to  draw  them  upwards;  now, 
that  resistance  must  be  imperfect,  since  all  the  parts  are  movable  ; 
therefore,  every  time  the  diaphragm  contracts,  it  must  always  raise 
the  thorax  more  or  less.  In  general,  the  extent  of  the  elevation 
will  be  in  a direct  ratio  to  Æe  resistance  of  the  abdominal  viscera, 
and  to  the  mobility  of  the  ribs. 

To  another  cause  of  the  dilatation  of  the  chest  very  little  atten- 
thfmtouon  hitherto  been  paid,  although  it  appears  to  me  highly  im- 

of  the  thorax,  portant.  I allude  to  atmospheric  pressure,  which  is  exercised  over 
the  whole  interior  surface  of  tlie  cavity  through  the  medium  of  the 
lungs.  This  pressure  has  such  influence,  that  if  by  any  cause  it 
ceases  to  take  place,  the  chest  is  no  longer  dilated.  It  is  to  no 
purpose  that  the  levator  muscles  of  the  ribs  act  upon  these  bones, 
or  the  diaphragm  contracts  ; the  part  of  the  thorax  which  is  not 
pressed  upon  from  within  by  atmospheric  air,  is  not  dilated.  This 


Diaphra;^ 
elevates  the 
ribs. 


Influence  of 
atmospheric 
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phenomenon  is  very  much  marked  in  the  affections  of  the  chest, 

in  pneumonia,  œdema,  emphysema  of  the  lungs,  and  the  different 

effusions.  Sometimes  it  is  seen  in  one  whole  side  of  the  thorax  Partial  (Uiata- 

tion  of  tno- 

and  a part  of  the  opposite  ; at  other  times  it  is  only  observed  in  a 
space  of  three  or  four  ribs  in  the  one  side  only,  the  other  ribs  of 
the  same  side  continuing  to  move.  So  tfue  it  is  that  atmospheric 
pressure  has  a considerable  share  in  the  dilatation  of  the  thorax, 
that  if  it  cease  to  act  during  a certain  time,  the  side  which  is  de- 
prived of  it  contracts,  and  finishes  by  being  obliterated;  and  this 
not  without  a great  change  operated  in  the  shape  and  general  con- 
formation of  the  thorax.  Another  proof  which  may  be  added,  is 
seen  in  the  facility  with  which  the  chest  of  a subject  can  be  dilated 
by  inflation,  and  in  the  difficulty  experienced  in  attempting  to  dilate 
it,  by  simply  elevating  the  ribs  and  sternum.  . . 

It  is  not  necessary  that  this  pressure  be  exerted  througli  the 
medium  of  the  lungs,  aâ  the  following  experiment  proves  : — Shut 
by  a ligature  the  trachea  of  an  animal  ; immediately  it  will  exhaust 
itself  in  impotent  efforts  to  dilate  the  cavity  of  the  chest.  Make 
an  opening  into  an  intercostal  space,  immediately  the  air  will  be 
precipitated  into  the  side  of  which  the  cavity  is  open  ; and  that  side 
will  easily  become  enlarged  at  each  inspiration.  Make  an  opening- 
in  the  opposite  side,  and  you  will  observe  the  same  effect.  We  may 
also  remark,  that  the  elevation  of  the  ribs  is  more  complete  and 
more  easy  than  in  ordinary  inspiration  : the  reason  of  which  is 
easily  understood. 

In  the  general  elevation  of  the  thorax,  its  form  necessarily 
changes,  as  well  as  the  relations  of  the  bones  of  which  it  is  com- 
posed ; the  cartilages  of  the  ribs  seem  particularly  intended  to  as- 
sist these  changes  : as  soon  as  they  are  ossified,  and  consequently 
lose  their  elasticity,  the  breast  becomes  immovable. 

While  the  sternum  is  carried  upwards,  its  inferior  extremity  is  Mechanism  of 
directed  a little  forward  ; it  thus  undergoes  a slight  swinging  mo-  ome  can!-” 
tion  ; the  ribs  become  less  oblique  upon  the  vertebral  column  ; they 
remove  a little  from  each  other,  and  their  inferior  edge  is  directed 
outward  by  a small  tension  of  the  cartilage.  All  these  phenomena 
are  not  very  apparent,  except  in  the  superior  ribs  ; they  are  scarce- 
ly seen  in  the  inferior. 

The  more  truly  to  judge  of  the  mechanism  of  inspiration,  it  must 
be  studied  in  a meagre  subject  under  thirty  years  of  age  ; all 
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the  phenomena  which  I have  described  will  then  be  visible,  but  they 
will  become  a great  deal  more  apparent,  if  the  individual  is  aflFected 
with  difficult  respiration  ; at  that  time  the  play  of  forces  which  ele- 
vate the  thorax  will  appear  in  a clear  light  : the  scaleni  will  swell 
out  at  each  inspiration  *,  and  relax  at  each  expiration  : with  respect 
to  the  intercostal  muscles,  in  laborious  respiration  they  sometimes 
contract  at  the  instant  of  inspiration,  and  sometimes,  on  the  con- 
trary, become  relaxed  ; and  then  there  is  produced  a remarkable 
depression  in  each  of  the  intercostal  spaces.  '' 

A general  enlargement  of  the  thorax  takes  place  by  its  elevation,  ■ 
as  well  from  front  to  back,  as  transversely  and  upwards. 

Three  degrees  This  enlargement  is  called  inspiration  ; it  presents  three  de-  ‘ , 

of  inspiration.  “ i ' r . » 

grees  : 1st,  ordinary  inspiration,  which  takes  place  by  the  depres- 
sion  of  the  diaphragm,  and  an  almost  insensible  elevation  of  the  \ 
thorax  ; 2d,  vehement  inspiration,  in  which  there  is  an  evident  ele-  j 
vation  of  the  thorax,  and  at  the  same  time  a depression  of  the  dia-  * 
phragm  ; 3d,  forced  inspiration,  in  which  the  dimensions  of  the  1 
thorax  are  augmented  in  every  direction,  as  far  as  the  physical  dis-  j 
position  of  this  cavity  will  permit.  r 

Expiration  succeeds  to  the  dilatation  of  the  thorax,  that  is,  the  T 
return  of  the  thorax  to  its  ordinary  position  and  dimensions.  ^ 

The  mechanism  of  this  motion  is  the  reverse  of  what  we  have 
just  described.  It  is  produced  by  the  elasticity  of  the  cartilages,  J 
and  by  the  ligaments  of  the  ribs,  which  have  a tendency  to  resume 
their  former  shape  ; by  the  relaxation  of  the  muscles  that  had  raised 
the  thorax  ; and  by  the  contraction  of  a great  number  of  muscles, 
so  disposed  that  they  lower  and  contract  the  chest.  Amongst  these 
muscles,  which  are  very  numerous  and  strong,  the  large  muscles  of 
the  abdomen  ought  to  be  distinguished,  the  serratus  posticus,  the 
latissimus  dorsi,  the  sacro-lumbaris,  &c. 

Three  degrees  The  contraction  of  the  thorax,  or  expiration,  presents  also  three 

of  expiration.  *■ 

degrees  : 1st,  ordinary  expiration  : 2d,  vehement  expiration  ; 3d, 
forced  expiration. 


* I call  this  contraction  of  the  scaleni  muscles,  the  respiratory  pulse  ; and^ 
in  fact,  the  finger  applied  upon  one  of  the  scaleni,  gives  the  medical  man  an 
idea  of  the  effort  which  the  patient  makes  to  respire. 
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In  ordinary  expiration,  the  relaxation  of  the  diaphragm,  pressed 
upwards  by  the  abdominal  viscera,  which  are  themselves  urged  by 
the  anterior  muscles  of  this  cavity,  produces  the  diminution  of  the 
vertical  diameter  ; vehement  expiration  is  produced  by  the  relaxa- 
tion of  the  inspiring  muscles,  and  a slight  contraction  of  those  of 
expiration,  which  permits  the  ribs  to  assume  their  ordinary  rela- 
tions witli  the  vertebral  column.  But  the  contraction  of  the  chest 
may  go  still  farther.  If  the  abdominal  and  other  expiratory  mus- 
cles contract  forcibly,  a greater  repression  of  the  diaphragm  takes 
place,  the  ribs  descend  lower,  the  base  of  the  conoid  shrinks,  and 
there  is  consequently  a greater  diminution  of  the  capacity  of  the 
thorax.  This  is  called  forced  expiration. 

To  convey  an  idea  of  the  manner  in  which  the  lung  dilates  and  Dilatation  of 

^ lung  in  the 

contracts  itself  within  the  thorax,  Mayow  compared  the  lung  to  a chest, 
bladder  placed  in  the  interior  of  a pair  of  bellows,  and  which  com- 
municated with  the  external  air  by  the  pipe  of  the  instrument. 

This  comparison,  though  just  in  several  respects,  is  inaccurate  in 
a very  important  point  of  view  ; the  bladder  is  an  inert  membrane, 
which  allows  itself  to  be  distended  with  air,  and  which  only  con- 
tracts upon  itself  by  the  compression  of  the  walls  of  the  bellows. 

The  lung  is  in  a very  different  condition  : it  tends  continually  to 
return  upon  itself,  and  to  occupy  a less  space  than  the  capacity  of 
the  cavity  which  it  fills  : it  exerts  then  an  attraction  upon  every 
point  of  the  thoracic  superficies.  This  attraction  has  little  effect 
upon  the  sides,  which  cannot  yield  ; but  it  has  a great  influence 
upon  the  diaphragm  ; by  its  means  that  muscle  is  always  stretched, 
and  drawn  upwards  in  such  a manner  as  to  take  the  form  of  a vault. 

When  the  muscle  is  lowered  during  its  contraction,  it  is  forced  to 
drag  the  lungs  toward  the  base  of  the  chest.  These  organs  also 
are  found  more  and  more  distended,  and,  by  their  elasticity,  they 
tend  with  so  much  more  energy  to  contract  upon  themselves,  and 
to  draw  the  diaphragm  back  again  upwards.  The  diaphiagm  must, 
in  fact,  be  rapidly  restored  to  the  vaulted  form,  from  the  moment 
it  ceases  to  contract,  by  a peculiar  movement  of  the  glottis,  of 
which  we  shall  speak  below,  and  which  opposes  some  difficulties 
to  the  exit  of  the  air  from  the  chest.  The  ascent  of  the  dia- 
phragm in  expiration  is,  moreover,  favoured  by  the  elasticity,  or  even 
by  the  contraction  of  the  abdominal  muscles,  which  have  been  dis- 
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upon  the  play 
of  the  dia- 
phragm* 


Antagonism  of 
the  lung  and 
diaphragm 
after  death. 


tended  by  the  viscera  being  puslied  back  at  the  instant  of  the 
contraction  of  the  diaphragm. 

In  order  to  judge  of  this  reciprocal  action  of  the  diaphragm  and 
lung,  it  is  necessary,  in  a young  animal,  to  expose  the  intercostal 
muscles  of  one  side  of  the  chest,  and  then  the  lungs  and  dia- 
phragm may  he  seen  through  these  ascending  and  descending  in 
concert,  without  any  intermediate  interval  between  these  two  or- 
gans. Tlie  lung  also  is  always  seen  applied  to  the  parietes  of  the 
thorax,  and  gliding  upon  these  surfaces  in  its  different  motions.  It 
is  also  easy  to  remark,  that  during  expiration,  a very  great  extent 
of  the  superior  aspect  of  the  diaphragm  is  applied  to  the  parietes 
of  the  thorax,  and  occupies  the  space  that  was  filled  by  the  lung 
during  inspiration. 

Here  an  important  question  presents  itself:  we  see  indeed  that 
the  diaphragm  in  descending  draws  downwards  the  lung,  but  it 
also  draws  it  after  expiration  ; for  if  at  this  instant  the  walls  of 
the  thorax  be  opened,  and  the  exterior  air  have  direct  access  to 
the  lung,  the  latter  is  greatly  collapsed  ; the  diaphragm  then  op- 
poses itself  to  this  collapse  before  the  aperture  ; in  fact,  the  relaxa- 
tion of  the  diaphragm  is  never  complete  during  life,  which  I prove 
by  the  following  experiment.  Render  visible  the  motions  of  the 
lungs  in  a young  rabbit  ; mark  the  point  where  the  ascent  of 
the  diaphragm  stops  in  the  most  complete  expirations  : in  the  mo- 
ment of  such  an  inspiration,  divide  the  spinal  marrow  in  the  neck; 
at  the  very  instant  of  section,  you  will  see  the  diaphragm  ascend 
one,  or  even  two  intercostal  spaces.  There  was,  then,  during  life, 
in  the  moment  in  which  the  diaphragm  seemed  as  much  as  pos- 
sible relaxed,  a certain  force,  which  permits  it  not  to  yield  to  the 
tendency  of  the  lungs  to  contract  upon  themselves  ; and  that  force 
seems  suliject  to  nervous  influence. 

But  the  question  is  only  in  part  resolved  : after  death,  even  the 
antagonism  of  the  diaphragm  and  lung  is  far  from  being  destroyed. 
The  diaphragm  retains  its  vaulted  form,  the  lung  is  distended,  and 
of  this  the  proof  is  in  every  one’s  power  : an  opening  made  in  the 
thoracic  parietes  has  the  effect  of  producing  collapse  of  the  lungs, 
and  of  confining  them,  when  they  are  sound,  upon  the  sides  of  the 
vertebral  column,  and  of  rendering  the  diaphaagm  flaccid  and 
floating,  after  it  is  no  longer  supported  by  the  abdominal  viscera. 
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This  is  what  takes  place  in  the  individual  who  has  respired,  but 
does  not  yet  exist  with  the  fetus,  which  has  not  performed  that 
action.  How  is  it  that  the  double  effort  of  the  diaphragm  upon 
the  lung,  and  of  the  lung  upon  the  diaphragm,  is  accomplished  ? 

I confess  I cannot  tell.  It  would  be  a curious  subject  for  investiga- 
tion. * 

Of  the  air. 

On  all  sides,  to  the  height  of  about  15  or  16  leagues,  the  earth 
is  surrounded  with  a rare  and  transparent  fluid  named  air,  the 
whole  mass  of  which  forms  the  atmosphere. 

Air  is  an  elastic  fluid,  which  possesses  the  property  of  exerting  physical 
pressure  upon  the  bodies  it  surrounds,  and  upon  the  sides  of  the  o™àin 
vessels  that  contain  it.  This  property  supposes,  in  the  particles  of 
air,  a continual  tendency  to  repel  each  othei'. 

Another  property  of  the  air  is  compressibility  ; that  is,  its  vo- 
lume changes  with  the  pressure  which  it  supports.  We  leara  by 
experience,  that  the  same  mass  of  air  submitted  successively  to 
difierent  pressures,  occupies  spaces  or  volumes  which  are  in  an 
inverse  ratio  to  the  pressures  ; so  that  the  pressure  being  double, 
treble,  quadruple,  the  volume  is  reduced  to  the  half,  the  third,  the 
fourth. 

In  the  atmosphere,  the  pressure  which  any  mass  supports  pro-  Atmospheric 
ceeds  from  the  weight  of  the  layers  that  are  upon  it  ; the  weight 
diminishing  according  to  the  elevation,  the  air  must  be  more  and 
more  dilated,  or,  in  other  terms,  its  density  must  diminish  accord- 
ing as  the  elevation  augments.  At  the  surface  of  the  earth,  the 
pressure  of  the  air  is  the  result  of  the  whole  weight  of  the  atmo- 
sphere. This  pressure  is  capable  of  sustaining  a column  of  mercury 
of  the  height  of  29.5,  or  30  English  inches  ; the  instrument  em- 
ployed to  determine  this  measure  is  called  a barometer. 

Different  physical  circumstances  cause  a variation  of  the  atmo- 
spheric pressure  ; for  example,  it  is  less  upon  the  tops  of  mountains 
than  in  the  valleys  ; greater  when  the  air  is  charged  with  humidity 
than  when  it  is  dry.  These  variations  are  exactly  determined  by 
the  barometer. 

The  air  expands  by  heat,  like  all  other  bodies  ; its  volume 
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augments  by  an  increase  of  one  degree  of  Fahrenheit’s  ther- 
mometer. 

The  air  has  weight  ';  this  is  ascertained  by  weighing  a vessel  full 
of  air,  and  then  weighing  the  same  vessel  after  the  air  has  been 
taken  out  by  the  air-pump. 

Tlius  it  has  been  found,  that  at  the  temperature  of  32o  F.,  when 
the  barometer  is  at  29^  inches,  a littre,  that  is,  61  cubic  inches,  of 
air,  weighs  20  grains  ; the  same  volume  of  water  would  weigh  one 
kilogramme,  or  1544)4  grains.  Water  is  therefore  770  times 
heavier  than  air. 

The  air  is  more  or  less  charged  with  humidity.  This  humidity 
proceeds  from  the  continual  evaporation  of  the  waters  that  cover 
the  surface  of  the  earth.  In  fact,  we  find  by  experience,  that 
water  forms  vapours  at  all  temperatures,  but  they  are  more  abun- 
dant in  proportion  as  the  temperature  is  high.  Also  the  air  con- 
tains only  a certain  quantity  of  vapour  for  each  temperature  ; when 
it  is  saturated,  the  humidity  is  extreme.  The  more  it  approaches 
to  this  state,  the  greater  is  the  humidity.  This  is  shown  by  hydro- 
meters. Lastly,  when,  by  the  effect  of  cold,  or  any  other  cause, 
the  air  contains  more  vapour  than  is  proper,  for  it  at  that  tempera- 
ture, the  excess  of  that  vapour  gathers  first  in  the  form  of  mists  and 
clouds,  and  then  falls  in  the  state  of  rain  and  snow,  &c. 

The  vapour  of  water  being  lighter  than  air,  and  causing  it  to 
expand  when  it  is  mixed  with  it,  from  this  it  results  that  humid 
air  is  lighter  than  air  which  is  dry. 

Air,  notwithstanding  its  thinness  and  transparency,  refracts,  in- 
tercepts, and  reflects  the  light.  In  a small  mass,  it  sends  too  few 
rays  for  the  colour  to  produce  any  sensible  effect  upon  our  eyes  ; 
in  a great  mass,  this  colour  is  very  visibly  blue.  Distant  objects 
also  receive  a blue  tint  from  the  interposition  of  the  air.  The  air 
has  a great  influence  in  chemical  phenomena;  it  was  long  consi- 
dered as  an  element,  but  its  composition,  which  was  suspected  by 
Jean  Rey  in  the  seventeenth  century, “ was  clearly  established  by 
Lavoisier. 

Chemical  The  air  is  composed  of  two  gases  that  are  very  different  in  their 
composition  . . 

of  air.  composition. 

1st,  Oxygen  : this  gas  is  a little  heavier  than  air,  in  the  propor- 
tion of  1 1 to  10,  and  it  combines  with  all  the  simple  bodies  ; it  is 
an  element  of  water,  of  vegetable  and  animal  matter,  and  of  almost 
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all  known  bodies  ; it  is  essential  to  combustion  and  respiration. 
2d,  Azote  : this  gas  is  a little  lighter  than  air  ; it  is  an  element 
of  ammonia  and  animal  substances  ; it  extinguishes  bodies  in  com- 
bustion. 

The  proportions  of  oxygen  and  azote  that  enter  into  the  compo- 
sition of  air  are  determined  by  instrumenls  called  eudiometres. 

In  those  instruments  the  combination  of  oxygen  with  some  com- 
bustible body,  such  as  hydrogen  or  phosphorus,  is  produced,  and 
by  the  result  of  this  combination  the  quantity  of  oxygen  contained 
in  the  air  is  known.  It  has  been  thus  found  that  100  parts  in 
weight  of  air  contain  21  parts  of  oxygen,  and  79  of  azote.  These 
proportions  are  the  same  in  every  place  and  at  all  heights,  and 
have  not  sensibly  changed,  for  these  fifteen  years,  since  they  were 
positively  established  by  chemistry. 

Besides  oxygen  and  azote,  the  air  contains  a variable  quantity 
of  the  vapour  of  water,  as  we  have  already  observed,  and  a small 
quantity  of  carbonic  acid,  the  proportion  of  which  has  not  yet  been 
positively  fixed. 

The  air  is  decomposed  by  almost  all  combustible  bodies,  at  a 
temperature  which  is  peculiar  to  each.  In  this  decomposition  they 
combine  with  the  oxygen,  and  set  the  azote  at  liberty. 

Inspiration  and  expiration. 

The  lungs  are  always  full  of  air  ; but  this  fluid  is  readily  changed 
in  them,  even  by  the  act  of  inspiration  ; it  is  therefore  necessarily 
renewed  at  no  distant  period.  This  renewal  is  effected  by  the  two 
phenomena  of  inspiration  and  expiration  ; in  the  former,  the  air- 
arrives  at  the  lungs,  distends  them,  and  penetrates  even  to  the  air- 
cells  ; during  the  second,  a part  of  the  air  contained  in  the  lung  is 
driven  out. 

In  these  two  mechanical  actions,  atmospheric  pressure  and  mus- 
cular contraction  play  the  principal  parts.  If  we  examine  the 
chest  after  an  ordinary  expiration,  we  shall  see  that  the  air  which 
presses  upon  the  exterior  surface  of  this  cavity,  is  exactly  in  equi- 
librium with  that  which  presses  upon  the  internal  surface  of  the 
lung.  The  pressure  of  the  latter  is  exercised  through  the  medium 
of  the  column,  which  is  then  in  the  cavity  of  the  mouth  or  nose  ; 
of  the  pharynx,  of  the  larynx,  the  trachea  and  bronchia.  The 
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least  effort  of  the  powers  which  dilate  the  chest,  or  of  those  which 
contract  it,  suffices  to  make  it  penetrate  the  air  in  the  lun^,  or  to 
force  this  out  from  it.  It  is,  therefore,  very  easy  to  comprehend 
the  mechanism  of  respiration.  The  dilating  muscles  of  the  thorax 
acting,  immediately  the  external  air  rushes  into  the  glottis,  the 
trachea,  and  the  lungs  ; proceeds  to  fill  the  pulmonary  vessels  in 
which  there  is  a tendency  to  vacuum,  from  the  circumstance  of  the 
enlargement  of  the  thorax. 

We  may  here  account  for  the  hardness  and  elasticity  of  the 
pavietes  of  the  canal  through  which  the  air  passes  in  order  to  arrive 
at  the  lungs.  Let  us  suppose  for  a moment  that  the  trachea,  or  the 
larynx,  had  received  membranous  walls  instead  of  the  cartilages 
which  form  them  ; then,  in  the  moment  of  the  dilatation  of  the 
thorax,  the  air,  which  presses  equally  upon  all  points  of  the  surface 
of  the  body,  would  have  compressed,  to  collapse,  the  air  tubes  in 
the  neck  ; and  in  consequence,  the  air  itself  would  not  have  been 
able  to  penetrate  into  the  chest.  Nothing  of  that  kind  can  ever  in 
reality  happen  ; the  rings  of  the  trachea,  the  parietes  of  the  larynx, 
those  of  the  nose  and  mouth,  resist  the  pressure  of  the  air,  which 
only  acts  upon  the  internal  surface  of  these  tubes. 

There  exists  such  a relation  between  the  pressure  of  the  atmo- 
sphere and  the  cartilages  of  the  air  tubes,  that  wherever  pressure 
can  no  longer  be  exerted,  cartilages  no  longer  occur  ; as  is  seen 
on  the  posterior  aspect  of  the  trachea,  and  in  the  small  bronchial 
divisions. 

If  we  call  to  mind  the  disposition  of  the  pulmonary  lobules,  the 
extensibility  of  their  tissue,  their  communication  with  the  exter- 
nal air  by  means  of  the  bronchia,  of  the  trachea,  and  of  the  larynx, 
we  will  easily  conceive,  that  every  time  the  breast  dilates,  the  air 
immediately  enters  the  pulmonary  tissue,  in  a quantity  propor- 
tionate to  the  degree  of  dilatation.**  When  the  breast  contracts,  a 
part  of  the  air  that  it  contains  is  expelled,  and  passes  out  by  the 
glottis. 

In  order  to  arrive  at  the  glottis  in  inspiration,  or  to  go  outwards 
in  expiration,  the  air  sometimes  traverses  the  nasal  canal  and 
sometimes  the  mouth  : the  position  of  the  velum  of  the  palate  in 
these  two  cases  deserves  to  be  described.  When  the  air  traverses 
the  nasal  canals,  and  the  pharynx,  in  order  to  enter  or  to  pass  out  of 
the  larynx,  the  velum  of  the  palate  is  vertical,  and  placed  with  its  an- 
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terior  surface  against  the  posterior  part  of  the  base  of  the  tongue, 
so  that  the  mouth  has  no  communication  with  the  pharynx.  When 
the  air  traverses  the  mouth  in  inspiration  or  expiration,  the  velum 
of  the  palate  is  horizontal,  its  posterior  edge  is  embraced  by  the 
concave  surface  of  the  pharynx,  and  all  communication  is  cut  ofl 
between  the  inferior  parts  of  the  pharynx  ^and  the  superior  part  of 
this  canal,  as  well  as  with  the  nasal  canals.  Thence  the  necessity 
of  making  the  sick  breathe  by  the  mouth,  if  it  is  necessary  to  ex- 
amine the  tonsils  or  the  pharynx. 

These  two  ways  for  the  air  to  arrive  at  the  glottis  were  neces- 
sary, for  they  assist  each  other  ; thus,  when  the  mouth  is  full  of 
food,  the  respiration  takes  place  by  the  nose  ; it  takes  place  by  the 
mouth  when  the  nasal  canals  are  obstructed  by  mucus,  by  a slight 
swelling  of  the  'pituitary  membrane,  or  any  other  cause. 

The  glottis  is  far  from  being  inactive  in  expiration  and  inspira-  Motions  of 
tion  : it  is  seen  to  open  and  shut  alternately.  Its  dilatation,  which  respiration, 
coincides  with  inspiration,  favours  the  entry  of  the  air  into  the 
respiratory  organs  : the  motion  by  which  it  is  shut  takes  place  at 
the  instant  when  respiration  commences,  so  as  always  to  present 
a certain  obstacle  to  the  exit  of  air  from  the  lungs  ; whilst  its  lips 
are  always  more  or  less  agitated  by  the  impulse  of  the  expired 
column.  We  may  even,  by  shutting  it  completely,  prevent  all 
exit  of  the  air,  whatever  be  the  efforts  of  the  respiratory  powers. 

In  this  case,  the  small  constrictor  muscles  of  the  glottis  alone 
maintain  a successful  struggle  against  the  immense  forces  which 
act  in  expiration  *. 


• There  are  diseases  which  seem  principally  to  consist  in  a want  of  dila- 
tation of  the  glottis  during  inspiration.  The  result  is  an  extreme  difficulty 
of  respiration,  and  amazing  efforts  to  draw  air  into  the  lungs.  I had  a proof 
of  this  in  a child  upon  which  I performed  the  operation  of  laryngotomy. 
I imagined  that  the  suffocation  he  suffered  arose  from  the  false  membrane 
which  obstructed  the  glottis;  and  the  operation  being  performed,  the  air 

arrived  at  the  lung,  by  the  wound,  and  the  suffocation  ceased  instantly  ; 

which  proves,  that  the  obsticle  was  still  in  the  glottis,  although  this  was  per- 
fectly free.  I endeavoured  to  close  the  wound,  and  to  cause  the  child  to 
respire  by  the  larynx,  but  the  suffocation  returned  immediately,  and  I was 
obliged  to  order  the  edges  of  the  wound  to  be  kept  open  for  twenty-four 
hours  by  an  assistant. 
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It  appears  tliat,  in  a given  time,  the  number  of  inspirations  made 
by  one  person  are  very  different  from  those  of  another.  Hales 
thinks  there  are  20  in  the  space  of  a minute.  A man  upon  whom 
Menzies  made  experiments  respired  only  14  times  in  a minute. 
Sir  H.  Davy  informs  us  that  he  respires  in  the  same  period  26  or 
27  times;  Dr  Thomson  says  that  he  respires  generally  19  times; 
I only  respire  15  times.  Taking  20  times  in  a minute  for  the 
mean,  this  will  gi/e  28,800  inspirations  in  twenty-four  hours. 
But  this  number  probably  varies  according  to  many  circumstances, 
such  as  the  state  of  sleep,  motion,  distention  of  the  stomach  by 
food,  the  capacity  of  the  chest,  moral  affections,  &c.  What  quan- 
tity of  air  enters  the  chest  at  each  inspiration  ; or,  what  quantity 
goes  out  at  each  expiration  ? How  much  generally  remains? 

According  to  Menzies,  the  mean  quantity  of  air  that  enters  the 
lungs  at  each  inspiration,  is  40  cubic  inches.  Goodwin  thinks  that 
the  quantity  remaining  after  a complete  expiration  is  109  cubic 
inches  ; Menzies  affirms  that  this  quantity  is  greater,  and  that  it 
amounts  to  179  cubic  inches. 

According  to  Davy,  after  a forced  expiration,  his  lungs  contained 
41  cubic  inches. 


After  a natural  expiration, 118 

After  a natural  inspiration, 135 

After  a forced  inspiration, 254 

By  a forced  expiration,  after  a forced  inspira- 
tion, there  passed  out  of  the  lungs,  190 

After  a natural  inspiration, 78’5 

After  a natural  expiration, 67-5  c.  i. 


Dr  Thomson  thinks  that  we  should  not  be  far  from  the  truth  in 
supposing  that  the  ordinary  quantity  of  air  contained  in  the  lungs 
is  280,  and  that  there  enter  or  go  out  at  each  inspiration  or  expi- 
ration 40  inches.  Thus,  supposing  20  inspirations  in  a minute, 
the  quantity  of  air  that  would  enter  and  pass  out  in  this  time  would 
be  800  inches  ; which  makes  48,000  in  the  hour,  and  in  twenty- 
four  hours  1,152,000  cubic  inches.  A great  number  of  experi- 
ments have  been  made  by  chemists  to  determine  if  the  volume  of 
air  diminishes  while  it  remains  in  the  lungs.  In  considering  the 
latest  experiments  by  MM.  Dulong  and  Despretz,  this  diminution 
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appears  something  considerable  : M.  Despretz  having  caused  six 
small  rabbits  to  respire  in  1 13.5  pints  of  air  for  two  hours,  found  a 
diminution  of  2.1 133  pints  in  that  time,  or  about  one  pint  per  hour. 

By  successively  traversing  the  mouth,  or  the  nasal  cavities,  the  Physical 

^ ' changes  of  the 

pharynx,  the  larynx,  the  trachea,  and  the  bronchia,  the  inspired  air  inspired, 
becomes  of  a similar  temperature  with  the  body.  It  most  generally 
becomes  heated,  and  consequently  rarified'  so  that  the  same  quan- 
tity in  weight  of  air  occupies  a much  greater  space  in  the  lungs  than 
it  occupied  before  it  entered  them.  Besides  this  change  of  volume, 
the  inspired  air  is  charged  with  the  vapour  that  it  carries  away  from 
the  mucous  membranes  of  the  aii'-passages,  and  in  this  state  al- 
ways hot  and  humid,  it  arrives  in  the  pulmonary  lobules  ; also,  this 
portion  of  air  of  which  we  treat,  mixes  with  that  which  the  lungs 
contained  before. 

But  expiration  soon  succeeds  to  inspiration  ; an  interval,  only  of 
a few  seconds,  passes  in  general  between  them  ; the  air  contained 
by  the  lungs,  pressed  by  the  powers  of  expiration,  escapes  by  the 
expiratory  canal  in  a contrary  direction  to  that  of  the  inspired  air. 

We  must  here  remark,  that  the  portion  of  air  expired  is  not  ex-  Partial  re- 
actly  that  which  was  inspired  immediately  before,  but  a portion  of  air  contained 
the  mass  which  the  lungs  contained  after  inspiration  ; and  if  the 
volume  of  air  that  the  lungs  usually  contains,  is  compared  with  that 
which  is  inspired  and  expired  at  eacli  motion  of  respiration,  we  will 
be  inclined  to  believe  that  inspiration  and  expiration  are  intended  to 
renew  in  part  the  considerable  mass  of  air  contained  by  the  lungs. 

This  renewal  will  be  so  much  more  considerable  as  the  quantity 
of  air  expired  is  greater,  and  as  the  following  inspiration  is  more 
complete. 

Physical  and  chemical  changes  that  the  air  undergoes  in  the  lungs. 

The  air,  in  its  passage  from  the  lungs,  has  a temperature  nearly 
the  same  as  that  of  the  body  : there  escapes  with  it  from  the  breast 
a great  quantity  of  vapour  called  pulmonary  transpiration  ; besides, 
its  chemical  composition  is  different  from  that  of  the  inspired  air. 

The  proportion  of  azote  is  much  the  same,  but  that  of  oxygen  and 
carbonic  acid  is  quite  different. 

In  place  of  0.21  of  oxygen  and  a trace  of  carbonic  acid  which  chemical 
the  atmospheric  air  presents,  the  expired  air  gives  0. 18  or  0. 1 9 of  air  of  the 
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oxygen,  and  0.2  to  0.4  of  carbonic  acid  * : generally,  the  quantity  of 
carbonic  acid  is  less  than  the  quantity  of  oxygen  which  has  disap- 
peared ; according  to  the  last  experiments  of  MM.  Dulong  and 
Despretz,  that  difference  may  amount  to  a third  in  carnivorous 
animals,  and  only  to  a tenth,  at  a medium,  in  the  herbivorous. 

In  order  to  determine  the  quantity  of  oxygen  consumed  by  an 
adult  in  24  hours,  we  have  only  to  know  the  quantity  of  air  re- 
spired in  this  time.  According  to  Lavoisier  and  H.  Davy,  32 
cubic  inches  aie  consumed  in  a minute,  which  gives  for  24  hours 
46,037  cubic  inches. 

It  is  not  difficult  to  appreciate  the  quantity  of  carbonic  acid  that 
passes  out  of  the  lungs  in  the  same  time,  since  it  nearly  repre- 
sents the  volume  of  oxygen  that  disappears.  Thomson  values  it  at 
40,000  cubic  inches,  though  he  says  it  is  probably  a little  less  : now 
this  quantity  of  carbonic  acid  represents  nearly  12  ounces  avoirdu- 
pois of  carbon. 

Some  chemists  say  that  a small  quantity  of  azote  disappears 
during  respiration,  but  this  is  not  confirmed  by  the  more  recent 
researches.  Others  think,  on  the  contrary,  that  the  quantity  of 
this  gas  is  sensibly  augmented.  The  last  result  has  been  put  out 
of  all  doubt  by  the  labours  of  MM.  Edwards,  Dulong,  and  Des- 
pretz, who  have  always  found  a sensible  increase  of  the  azote  in  the 
air  in  which  animals  had  respired  for  a certain  time. 

We  are  informed  of  the  degree  of  alteration  that  the  air  under- 
goes in  our  lungs,  by  a feeling  which  inclines  us  to  renew  it  : 
though  this  is  scarcely  sensible  in  ordinary  respiration,  because  we 
always  continue  it,  it  nevertheless  becomes  very  painful  if  we  do 
not  satisfy  it  quickly  ; carried  to  this  degree  it  is  accompanied  with 
anxiety  and  fear,  an  instinctive  warning  of  the  importance  of  respi- 
ration. 

Whilst  the  air  contained  in  the  lungs  is  thus  modified  in  its 
physical  and  chemical  properties,  the  venous  blood  traverses  the 
ramifications  of  the  pulmonary  artery,  of  which  the  tissue  of  the 

• In  compliance  to  ignorant  criticism,  I have  restored  to  the  text  the 
numbers  employed  by  M.  Magendie,  although  not  one  of  them  is  correct. 
The  true  numbers  are  as  follows  : Oxygen  in  atmosphere  0.20  (Thomson’s 

Principl.  Chem.  vol.  i.  p.  96)  ; oxygen  in  expired  air  0.16  to  0.17  ; carbo- 
nic acid  in  the  same  0.3  to  0.4,  as  may  easily  be  deduced  from  Front’s  ex- 
periments (Thomson’s  Syst.  Chem.  vol.  iv.  p.  621). — Tr. 
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lobules  of  the  lungs  is  partly  formed  ; it  passes  into  the  radicles  of 
the  pulmonary  veins,  and  very  soon  into  these  veins  themselves  ; 
but  in  passing  from  the  one  to  the  other,  it  changes  its  nature  from 
venous  to  arterial  blood. 

Let  us  examine  the  phenomena  of  this  transformation. 

% 

Change  of  venous  into  arterial  blood. 

At  the  instant  in  which  the  venous  blood  traverses  the  small 
vessels  of  the  pulmonary  lobules,  it  assumes  a scarlet  colour;  its 
odour  becomes  stronger,  and  its  taste  more  distinct,  its  temperature 
rises  about  a degree  ; a part  of  its  serum  disappears  in  the  form  of 
vapour  in  the  tissue  of  the  lobules,  and  mixes  with  the  air.  Its  ten- 
dency to  coagulate  augments  considerably,  which  is  expressed  by 
saying  that  its  plasticity  becomes  stronger  ; its  specific  gravity  di- 
minishes, as  well  as  its  capacity  for  caloric  : The  venous  blood 
having  acquired  these  characters,  now  becomes  arterial  blood. 

In  order  to  render  the  difference  between  the  venous  and  arte- 
rial blood  more  distinct,  we  give  the  following  table  of  them  : 

Principal  differences  of  venous  and  arterial  blood. 

Venous  Blood.  Arterial  Blood. 

Colour Brown  red Vermilion  red. 

Odour Weak Strong. 

Temperature 101 'ys”.  F Near  104°.  F. 

Capacity  for  caloric  ....  852  * 839. 

Specific  gravity 1051  ■)• 1049. 

Coagulation,  probably . . Less  rapid More  rapid. 

Serum,  probably  More  abundant Less  abundant.a 

I described  above  the  changes  that  the  air  undergoes  in  the  Theory  of 
lungs,  and  I have  just  explained  those  that  happen  to  the  venous 
blood  in  traversing  these  organs  ; let  us  now  see  what  connexion 
can  be  established  between  those  two  orders  of  phenomena. 

The  colour  of  the  blood  evidently  depends  upon  its  mediate 
contact  with  oxygen;  because,  if  there  is  any  other  gas  in  the 


* Water  being  1000 J.  Davy,  Phil.  Trans,  1815. 

•j-  Water  being  1000. Loc.  cit. 
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lungs,  or  even  if  the  air  is  not  suitably  renewed,  the  change  of 
colour  does  not  take  place.  It  is  shown  anew,  as  soon  as  the  oxy- 
gen is  permitted  to  pass  into  the  pulmonary  lobules. 

Experiment  We  Can  easily  See  the  colouring  of  the  blood  even  in  the  dead 
Umringo™  body.  Often  before  death  the  venous  blood  accumulates  in  the 
air.o'*  vessels  of  the  lungs  ; the  bronchial  lobules  being  deprived  of  air, 

it  preserves  the  venous  properties  long  after  death.  Atmospheric 
air  injected  into  the  trachea,  so  as  to  distend  the  tissue  of  the  lungs 
in  that  state,  immediately  changes  the  brown  red  colour  of  the  ac- 
cumulated blood  into  vermiliort  red. 

The  same  phenomenon  takes  place  whenever  the  venous  blood 
is  in  contact  with  oxygen  or  atmospheric  air.  Blood  being  drawn 
from  a vein  and  exposed  to  the  air,  reddens  on  the  surface,  and  by 
degrees,  the  red  colour  spreads  over  the  whole  mass  ; immediate 
contact  is  not  necessary.  The  same  blood  contained  in  a bladder, 
and  plunged  into  oxygen  gas,  becomes  scarlet.  Thus,  the  very  thin 
vascular  parietes  that  are  in  the  lungs,  placed  between  the  atmo- 
spheric air  and  the  blood,  ought  not  to  be  considered  as  any  obstacle 
to  its  coloui’ing. 

But  how  does  oxygen  gas  produce  this  change  of  colour  in  ve- 
nous blood  ? Chemists  are  not  agreed  on  this  point.®  Some 
think  that  the  gas  combines  immediately  with  the  blood  ; others 
imagine  that  it  carries  away  part  of  its  carbon  ; and  there  are 
others  who  almost  believe  that  these  two  effects  take  place  at  the 
same  time  : but  none  of  these  explanations  give  any  reason  for  the 
change  of  colours. 

Several  chemists  have  attributed  to  iron  the  colouring  of  the 
blood,  but  tins  opinion  is  now  rejected  as  doubtful  ; however,  it  is 
so  much  the  more  probable,  that,  if  this  metal  be  separated  from 
the  colouring  part  of  the  blood,  this  substance,  which  has  a wirie- 
red  colour,  loses  the  property  of  becoming  scarlet  by  oxygen 
gas. 

Pulmonary  We  more  easily  understand  the  loss  of  serum  by  the  blood  in 
transpiration»  , ; • r 

respiration  : this  probably  depends  upon  a certain  quantity  of 

serum  escaping  from  the  last  divisions  of  the  pulmonary  artery, 

and  evaporating  in  the  air  what  the  lobules  contain.  This  vapour 

passes  out  afterwards  with  the  air  under  the  name  of  'pulmonary 

transpiration. 

It  must  not  be  understood,  however,  that  all  the  vapour  which 
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passes  out  in  expiration,  proceeds  from  the  blood  of  the  pulmonary 
artery  ; I will  show,  a little  fartlier  on,  that  a considerable  part  of 
this  vapour  is  formed  by  the  arterial  blood  which  is  spread  in  the 
mucous  membrane  of  the  air  passages. 

Lavoisier,  in  his  first  researches  upon  respiration,  believed  that 
there  might  be  a combustion  of  hydrogen  in  the  lungs,  by  which  a 
certain  quantity  of  water  would  be  produced.  A part  of  the  pul- 
monary transpiration,  he  thought,  was  formed  by  this  water  ; but 
this  idea  is  not  now  admitted,  and  the  transpiration  of  the  lung,  as 
we  have  already  noticed,  is  considered  as  the  result  of  the  passage 
into  the  bronchial  vesicles  of  a part  of  the  liquid  that  flows  in  the 
pulmonary  artery.  Anatomy  directs  us  to  this  phenomenon. 

Water  injected  into  the  pulmonary  artery  passes  under  the  form  of 
innumerable  small  drops,  almost  imperceptible,  into  the  air-cells, 
and  mixes  with  the  air  contained  in  them  *. 

The  quantity  of  pulmonary  transpiration  is  augmented  at  will  in  Experiments 

1-  -11  , pulmo- 

living  animals,  by  injecting  into  the  venous  system  distilled  water,  at  nary  transpi- 
a temperature  nearly  equal  to  that  of  the  body  ; this  is  proved  by  the 
following  experiment  : Take  a dog  of  small  size,  inject  at  different 
times  a considerable  quantity  of  water  ; the  animal  will  be  at  first  in 
a state  of  real  plethora  j his  vessels  will  be  so  full,  that  he  will  be 
scarcely  able  to  move  ; but  in  a few  moments  the  motions  of  res- 
piration will  sensibly  accelerate,  and  an  abundance  of  liquid  will 
flow  from  every  point  of  his  mouth,  the  source  of  which  is  plainly 
the  transpiration  of  the  lungs  considerably  increased. 

It  is  only  the  watery  part  of  the  blood  that  escapes  by  pulmo- 
nary transpiration.  I have  shown,  by  particular  experiments,  that 
many  substances,  introduced  into  the  veins  by  absorption,  or  direct 
injection,  very  soon  pass  out  by  tbe  lungs. 

Weak  alcohol,  a solution  of  camphor,  ether,  or  other  substances, 
introduced  into  the  cavity  of  the  peritoneum,  or  elsewhere,  are 
soon  absorbed  by  the  veins  ; transported  to  the  lungs,  they  pass  into 
the  bronchial  vesicles,  and  we  discover  them  by  their  odour  in  the 
expired  air. 

The  same  thing  happens  with  phosphorus  ; its  odour  is  not  only 


• Moreover,  the  quantity  of  oxygen  disappearing  is  more  than  consumed 
in  generating  the  carbonic  acid  formed,  and  could  never  have  been  suiBcient 
to  produce  the  great  quantity  of  water  exhaled. 
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sensible  in  the  expired  air,  but  its  presence  may  easily  be  proved 
in  a still  more  positive  manner. 

Inject  into  the  crural  vein  of  a dog  half  an  ounce  of  oil,  in  which 
phosphorus  has  been  dissolved;  this  injection  will  scarcely  have  taken 
place  when  a thick  white  vapour  will  pass  from  the  nose  of  the  ani- 
mal, which  is  nothing  else  but  phosphorous  acid.  If  the  experiment 
be  made  in  the  dark,  waves  of  light  are  seen  to  escape  with  the  ex- 
pired air  *. 

Nearly  the  same  thing  happens  with  the  gases,  according  to  the 
interesting  experiments  of  Dr  Nysten,  for  after  having  been  inject- 
ed into  the  veins,  they  pass  out  with  the  expired  air. 

Attempts  have  been  made  to  determine  the  quantity  of  vapour 
that  escapes  from  the  lungs  of  an  adult  in  twenty  four  hours. 

The  last,  which  are  due  to  Thomson,  give  about  19  ounces  ; 
Lavoisier  and  Seguin  formerly  estimated  it  above  20.4  ounces  ; it  is 
probably  very  variable,  according  to  a multitude  of  circumstances. 

Philosophers  are  not  agreed  about  the  manner  in  which  the  car- 
bonic acid  is  formed,  which  is  contained  in  the  expired  air.  Some 
think  that  it  existed  already  formed  in  the  venous  blood,  and  that 
it  is  exhaled  at  the  instant  of  its  passage  through  the  lungs  ; others 
suppose  that  it  is  the  result  of  the  direct  combustion  of  the  carbon 
of  the  blood  by  oxygen  : neither  of  these  opinions  is  sufficiently 
proved  : perhaps  the  two  effects  take  place  together.  For  the  same 
cause  that  we  do  not  understand  the  manner  in  which  the  carbonic 
acid  is  formed,  we  are  ignorant  of  the  part  which  the  oxygen  acts  in 
respiration.  It  is  said  by  some  to  be  employed  in  burning  the  car- 
bon of  the  venous  blood  ; others  imagine  that  it  passes  into  the 
pulmonary  veins,  whilst  others  think  that  it  does  both. 

New  researches  are  necessary  for  all  this  part  of  animal  chemis- 
try. 

So  long  as  we  have  no  principles  more  fixed  upon  the  formation 
of  carbonic  acid,  and  the  disappearance  of  oxygen  in  the  lungs,  it 
will  be  difficult  to  account  for  the  elevation  of  temperature  that  the 
blood  undergoes  in  traversing  these  organs. 


* The  idea  of  making  this  experiment  in  the  dark,  belongs  to  M.  Armand 
de  Montgarny,  a young  physician  of  much  merit,  lately  snatched  by  death 
from  his  ingenious  labours. 
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However,  as  the  oxygen  very  probably  combines  with  the  car- 
bon of  the  blood,  and  as  every  formation  of  this  sort  is  accompa- 
nied with  a considerable  disengagement  of  caloric,  it  is  also  pro- 
bable that  this  is  the  source  of  the  greater  part  of  the  heat  of  the 
arterial  blood. 

Even  supposing  that  oxygen  is  absorbed,  and  passes  directly  in-  Elevation  of 
to  the  pulmonary  veins,  and  that  it  afterwards  combines  directly  ture'of'tiie'* 
with  the  blood,  we  might  still  conceive  the  elevation  of  the  tem-  luogl*" 
perature  of  the  blood  ; for  every  combination  of  oxygen  with  a 
combustible  body  is  accompanied  with  a disengagement  of  heat. 

The  slight  diminution  of  the  specific  gravity  and  the  capacity  for 
caloric  probably  depend  upon  the  loss  of  water  which  takes  place 
at  the  surface  of  the  pulmonary  vesicles.  With  regard  to  the  other 
properties  that  the  venous  blood  acquires  in  traversing  the  lungs, 
such  as  the  plasticity,  odour,  the  stronger  taste  ; in  order  to  have 
satisfactory  ideas  on  this  point,  it  would  be  necessary  to  have  a 
very  exact  comparative  analysis  of  venous  and  arterial  blood,  that 
their  diflPerences  might  be  perfectly  known,  but  physiology  still  re- 
quires this  assistance  from  chemistry. 


Respiration  of  the  gases  tKhich  are  not  atmospheric  air. 

Philosophers  have  not  been  satisfied  with  studying  the  effects  Action  of  the 
• • c 1 • ■ rt-.,  , / • 1 1 non-respirable 

ot  the  respiration  of  atmospheric  air.  1 hey  have  also  wished  to  de-  gases. 

termine  the  effects  of  the  respiration  of  other  gases.  Animals  have 
been  plunged  into  each  of  them,  men  have  respired  them  either 
voluntarily  or  involuntarily,  and  it  has  been  found  that  atmosphe- 
ric air  alone  is  fit  for  respiration  ; animals  are  destroyed  with  more 
or  less  rapidity  by  all  the  other  gases  ; even  oxygen,  when  pure,  is 
destructive  of  life  ; and  its  mixture  with  azote,  in  different  propor- 
tions from  that  of  the  air,  always  kills  the  animals  that  breathe  it, 
sooner  or  later. 

By  making  these  different  experiments,  the  gases  have  been  di- 
vided into  two  classes  with  regard  to  their  respiratory  qualities  ; 

1st,  the  non-respirable  gases  ; 2d,  the  deleterious  gases. 

The  first,  to  which  belong  azote,  the  protoxide  of  azote,  hydro-  Gases  which 
gen,  &c , only  kill  animals,  because  their  action  cannot  replace  that 
of  oxygen  ; one  of  these  gases,  the  protoxide  of  azote,  produces 
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singular  effects,  which  ought,  perhaps,  to  make  it  belong  to  the  se- 
cond class. 

Sir  H.  Davy  was  the  first  who  dared  to  study  its  effects  upon 
himself  ; after  having  expired  the  air  of  his  lungs,  he  respired  near- 
ly 8‘4  pints  of  the  protoxide  of  azote.  The  first  feelings  that  he 
experienced  were  those  of  giddiness  ; hut  in  half  a minute,  continu- 
ing to  respire,  these  effects  diminished  by  degrees,  and  they  were 
replaced  by  a feeling,  similar  to  a gentle  pressure  upon  all  the 
muscles,  accompanied  by  agreeable  tremors,  particularly  in  the  chest 
and  the  extremities.  The  surrounding  objects  appeared  dazzling, 
and  his  hearing  became  more  delicate  ; towards  the  last  respira- 
tions, the  agitation  increased,  his  muscular  force  augmented,  and 
he  acquired  an  irresistible  propensity  to  motion.  These  effects 
ceased  as  soon  as  Davy  left  off  the  respiration  of  the  gas,  and  in  ten 
minutes  he  became  as  he  was  before. 

However,  these  effects  are  not  constantly  the  same.  MM. 
Vauquelin  and  Thenard  did  not  experience  all  the  phenomena  de- 
scribed by  Davy,  but  other  phenomena  analogous  to  them. 

The  deleterious  gases  are  those  that  not  only  cannot  support 
respiration,  but  very  soon  kill  men  or  animals  that  breathe  them 
pure,  or  mixed  in  certain  proportions  with  atmospheric  air.  All 
the  acid  gases  are  of  this  number,  ammoniacal  gas,  sulphuretted 
hydrogen,  arseniated  hydrogen,  the  deutoxide  of  azote,  &c. 


Influence  of  the  nerves  of  the  eighth  pair  upon  respiration. 

The  nerves  of  the  eighth  pair  being  the  only  cerebral  nerves 
that  send  filaments  into  the  tissue  of  the  lungs,  it  must  readily  have 
occurred  to  physiologists  to  divide  them,  in  order  to  examine  the 
effects  that  would  result  from  it.  This  easy  experiment  has  fre- 
quently been  made  by  the  ancients,  and  most  modern  physiologists 
have  repeated  it. 

înflueticeof  Every  animal  that  has  the  above-mentioned  nerves  cut,  perishes 

the  nerves  of  •'  . , i i ■ i e 

theeighthpair  tnore  01'  less  quickly  ; sometimes  death  happens  immediately  after 

upon  respira-  _ ^ . i i i • i 

tion.  the  section.  Life  never  continues  beyond  the  third  or  fourth  day. 

Death  has  been  attributed  by  authors  to  the  cessation  of  the  mo- 
tions of  the  heart,  to  the  cessation  of  digestion,  the  inflammation  of 
the  lungs,  &c. 
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We  are  highly  indebted  for  many  valuable  illustrations  of  this 
subject  to  the  recent  labours  of  several  physiologists  ; and,  latterly, 
to  those  of  MM.  Wilson  Philip,  Breschet,  and  others,  i will  give 
a general  summary  of  their  researches,  along  with  my  own. 

The  section  of  the  nerves  of  the  eighth  pair  at  the  neck,  as  high 
as  the  thyroid  gland,  or  even  lower,  has  am  influence,  1st,  upon  the 
larynx  ; 2dly,  upon  the  lungs.  These  two  orders  of  effects  must 
be  carefully  distinguished. 

In  treating  of  the  voice,  we  said  that  the  section  of  the  re- 
current nerves  immediately  produces  aphony,  or  loss  of  voice  ; 
the  same  phenomenon  takes  place  by  the  section  of  the  eighth  pair  ; 
this  may  be  easily  conceived,  since  the  recurrents  are  only  divi- 
sions of  these  nerves.  But,  besides  the  destruction  of  the  voice,  the 
section  of  the  nerves  of  the  eighth  pair  frequently  causes  such  a 
closing  of  the  edges  of  the  glottis,  that  the  air  can  no  longer  pene- 
trate into  the  larynx,  and  death  very  soon  happens,  as  in  all  those 
cases  in  which  an  animal  cannot  renew  the  air  of  its  lungs. 

In  ordinary  cases,  the  closing  is  not  sufficiently  perfect  to  pre- 
vent the  entrance  of  the  air  into  the  larynx,  to  keep  up  the  respi- 
ration ; but  the  glottis  having  lost  its  proper  motions,  the  entrance 
into,  and  passage  of  the  air  from,  the  chest  are  always  more  or  less 
difficult. 

At  the  period  when  these  observations  were  made,  it  was  almost  influence  of 
impossible  to  explain  the  reason  of  these  different  phenomena  ; but  the  eighth 
since  I explained  the  manner  in  which  the  recurrents  and  laryn-  &rynx^° 
geal  nerves  are  distributed  to  the  muscles  of  the  larynx,  there  is  no 
longer  any  difficulty.  The  dilating  muscles  of  the  glottis  are  para- 
lyzed by  the  section  of  the  eighth  pair  at  the  lower  part  of  the 
neck  ; this  opening  no  longer  widens  in  the  instant  of  respiration, 
whilst  the  constrictors  that  receive  their  nerves  from  the  superior 
laryngeals,  preserve  all  their  action,  and  shut  the  glottis  more  or 
less  completely. 

When  the  section  of  the  eighth  pair  does  not  cause  such  a closing  influence  of 
of  the  glottis  that  death  immediately  happens,  other  phenomena  the  eighth 
are  developed,  and  death  arrives  sometimes  only  at  the  end  of  rung&^°**  * 
three  or  four  days. 

The  respiration  is  at  first  incommoded,  the  motions  of  respira- 
tion are  more  extended,  more  contracted,  and  the  animal  appears 
to  pay  particular  attention  to  them  ; the  locomotive  motions  are 
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less  frequent,  and  they  evidently  fatigue  ; sometimes  the  animal 
remains  perfectly  still  : however,  the  formation  of  the  arterial  blood 
is  not  prevented  at  first  ; but  very  soon,  the  second  day,  for  ex- 
ample, the  difficulty  of  respiration  increases,  the  efforts  of  inspira- 
tion become  greater  and  greater.  The  arterial  blood  has  not  then 
the  vermilion  tint  which  is  peculiar  to  it  ; it  is  a little  deeper,  its 
temperature  descends  ; lastly,  all  the  symptoms  increase,  respiration 
continues  only  with  the  assistance  of  the  whole  of  the  inspiratory 
powers  ; the  arterial  blood  is  of  a dull  red,  and  nearly  like  the 
blood  of  the  veins  ; the  arteries  contain  very  little  ; cold  becomes 
evident  to  the  feel,  and  the  animal  soon  dies.  On  opening  the  chest, 
the  bronchial  cells,  the  bronchia,  and  often  the  trachea  itself,  are 
found  filled  with  a foamy  liquid,  which  is  sometimes  bloody  ; the 
tissue  of  the  lungs  is  gorged  and  voluminous  ; the  divisions,  and 
even  the  trunk  of  the  pulmonary  artery,  are  strongly  distended 
with  blood,  which  is  of  a deep  colour,  and  almost  black  ; consider- 
able effusions  of  serum,  and  even  of  blood,  take  place  in  the  paren- 
chyma of  the  lungs.  On  the  other  hand,  we  learn,  by  experiments, 
that  in  proportion  as  this  series  of  accidents  takes  place,  the  ani- 
mals consume  less  and  less  of  oxygen,  and  that  less  and  less  of  car- 
bonic acid  is  formed. 

Influence  of  It  has  been  reasonably  concluded,  that  in  this  case,  animals 
theeighfh°*  perish  because  the  respiration  can  no  longer  continue,  the  lungs 
râpiraüon.  ^ being  SO  changed  that  the  inspired  air  can  no  longer  reach  the 
bronchial  lobules.  I think  that  there  ought  to  be  added  to  this 
cause,  the  difficulty  of  the  passage  of  the  blood  from  the  artery  into 
the  pulmonary  veins,  a difficulty  which,  I think,  is  the  cause  of  the 
distention  of  the  venous  system  after  death,  and  of  the  small  quan- 
tity of  blood  that  the  arterial  system  contains  a short  time  after  it 
takes  place. 

The  section  of  only  one  nerve  of  the  eighth  pair  producing  these 
effects,  only  upon  one  part  of  the  lungs  ; and  life  continuing  by  the 
action  of  only  one  part  of  this  organ,  death  does  not  ensue.  I have 
* seen  animals  live  in  this  manner  for  several  months. 

Several  authors  of  high  credit  have  advanced  some  facts,  upon 
the  division  of  these  nerves,  which  I have  never  been  able  to  verify. 
Let  there  be  interposed,  say  they,  a month  or  two  of  interval  be- 
tween the  section  of  one  nerve  and  the  section  of  a second.  The 

animals  survive,  a union  is  formed  between  their  divided  extre- 
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inities,  and  that  cicatrix  transmits,  like  the  nerve  itself,  the  nervous 
influence.  Cut  across  that  cicatrix,  divide  the  nerve  a second 
time,  and  at  the  same  instant  the  effects  of  the  simultaneous  divi- 
sion of  the  two  nerves  will  become  manifest.  I do  not  pretend  to 
deny  these  results,  but  I have  certainly  sought  often  to  see  them 
myself  without  success.  I have  cut,  in  dogs,  the  eighth  nerve  of 
one  side,  and  three  months  after  the  eighth  nerve  of  the  opposite 
side  ; the  animals  died  three  or  four  days  after  the  last  section. 

On  dissection,  I found  the  lung  to  which  the  first  divided  nerve 
belonged,  so  morbidly  changed,  as  to  be  incapable  of  respiration. 

How  did  the  section  of  the  second  nerve  produce  death  ? 

According  to  some  physiologists,  the  simple  division  of  the 
eighth  pair  differs  much,  as  to  its  results,  from  a section  in  which 
a portion  of  the  length  of  the  nerve  is  subtracted,  and  an  interval, 
more  or  less  considerable,  left  between  the  divided  ends.  In  ge- 
neral, they  affirm,  the  effects  are  a great  deal  more  distinct,  and 
the  animals  die  moi'e  quickly.  The  same  is  the  case,  if,  without 
retrenching  a portion  of  the  lower  end  of  a nerve,  it  is  merely 
turned  back  so  as  to  be  at  a distance  from  the  upper  end.  In  fact, 
here,  as  in  digestion,  it  is  affirmed  that  the  galvanic  current  sup- 
plies the  place  of  nervous  influence.  My  own  experiments  do  not 
at  all  accord  with  these  different  results. 

Of  artificial  respiration. 

The  principal  object  of  the  motions  of  the  thorax  is  to  draw  the  Artificial 
air  into  the  lungs,  and  afterwards  to  expel  it  from  these  organs. 

As  often  as  these  motions  stop,  the  air  of  the  lungs  not  being  re- 
newed, respiration  is  discontinued,  and  death  soon  takes  place. 

But  the  want  of  action  of  the  thorax,  may  be  supplied,  for  some 
time,  by  introducing  air  artificially  into  the  lungs.  Both  ancient 
and  modern  anatomists  have  frequently  practised  this.  The  air 
has  been  introduced  by  turns  by  a bladder,  a pair  of  bellows,  &c. 

At  present  a syringe  is  used,  pierced  with  a small  hole  in  the  side. 

The  extremity  of  the  body  of  the  syringe  is  first  introduced  into 
the  trachea,  and  fixed  by  a ligature  ; the  piston  is  then  drawn,  in 
order  to  fill  the  syringe  with  air;  the  finger  is  applied  to  the  small 
hole,  to  prevent  the  air  going  out  ; the  piston  is  now  thrust  in,  and 
the  air  of  the  syringe  passes  into  the  lungs  ; the  piston  is  then  with- 
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drawn,  and  the  syringe  is  filled  with  the  air  of  the  lungs.  The 
finger  that  is  placed  upon  the  hole  is  then  removed,  and  the  piston 
pressed  in  to  drive  out  the  air  which  was  used  in  respiration;  it  is 
then  withdrawn,  in  order  to  fill  the  instrument  with  pure  air;  the 
hole  is  then  stopped,  &c. 

By  repeating  these  motions  suitably,  an  animal  is  kept  alive 
w'hose  thorax  has  become  immovable,  either  because  the  spinal 
marrow  has  been  cut  behind  the  occiput,  or  because  the  head  has 
been  entirely  cut  off  ; but  it  replaces  very  imperfectly  the  natural 
respiration,  and  cannot  be  continued  beyond  a few  hours.  The 
lungs  are  generally  gorged  with  blood,  or  torn  by  the  air  : this 
fluid  is  introduced  into  the  pulmonary  veins,  and  flows  into  the 
cellular  tissue,  so  as  to  prevent  the  dilatation  of  the  lobules. 


COURSE  OF  THE  ARTERIAL  BLOOD. 

The  end  of  this  function  is  to  transport  the  arterial  blood  from 
the  lungs  to  all  the  parts  of  the  body. 

Of  the  arterial  blood. 

Arterial  blood  is  of  all  others  the  fluid  most  essential  to  the 
support  of  the  functions.  A celebrated  physiologist  attaches  so 
much  importance  to  it,  that  he  has  defined  life  to  be  the  contact  of 
arterial  blood  mth  the  organs,  and  in  particular,  with  the  brain. 
Fatty  matter  We  have  here  nothing  to  add  to  that  which  we  have  already 

MotSed*.°°^’  said  of  arterial  blood  under  the  article  of  respiration.  I shall 
only  recite  several  important  facts  relative  to  the  blood  in  general, 
and  which  will  complete  the  history  of  that  fluid.  Our  learned 
Professor  Vauquelin  has  recently  discovered  in  this  fluid  a very 
great  quantity  of  a fatty  matter,  of  a soft  consistence,  and  which 
was  at  first  regarded  as  fat  f but  M.  Chevreul,  by  a suite  of  very 
ingenious  experiments,  has  made  the  important  discovery,  that  this 
matter  is  the  same  as  that  of  the  brain  and  nerves.  Its  chemical 
composition  is  very  remarkable,  being  a fatty  body  azotised  ; con- 
trary in  this  respect  to  every  other  body  of  that  species,  none  of 
which  ever  contain  azote. 

Messieurs  Prévost  and  Dumas  have  likewise  demonstrated  the 
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presence  of  urea  in  the  blood  of  animals  from  which  the  kidneys 
have  been  extracted. 

Thus,  in  proportion  as  the  analyses  of  the  blood  are  multiplied,  niooci  con- 

, , ‘ . ...  , ,.  tains  the  ele- 

and  the  processes  of  investigation  perfected,  we  come  to  discover  ments  of  the 

in  the  blood  all  the  principles,  all  the  elements,  of  the  organs.  We 
can  at  present,  with  confidence,  point  out  its  fibrin  as  the  same 
matter  with  that  of  the  muscular  fibre  ; the  albumen,  that  which 
forms  so  great  a number  of  membranes  and  tissues  ; the  fatty 
matter  I have  mentioned,  which,  combined  with  ozmazome  and 
albumen,  constitutes  the  nervous  mass  ; the  phosphates  of  lime  and 
magnesia,  which  constitute  a great  proportion  of  the  bones  ; urea, 
one  of  the  most  remarkable  excrementitious  substances,  the  yellow 
matter  of  the  bile  and  urine,  that  which,  by  imbibition,  extends  it- 
self in  the  cellular  tissues  around  contusions,  &c. 

When,  by  the  aid  of  a strong  lens  or  microscope,  we  observe  the 
transparent  parts  of  cold-blooded  animals,  there  is  seen  in  the 
bloodvessels  an  innumerable  multitude  of  small  round  molecules 
which  float  in  the  serum,  and  roll,  one  upon  another,  along  their 
course  through  the  artery  and  veins.  These  are  the  globules  of 
the  blood. 

The  unlooked  for  discovery  of  these  particles  must  be  referred 
to  Malpigbi,  who  first  pointed  out  their  existence.  Leewenhoeck 
dedicated  his  attention  to  them  soon  after,  and  probably  discovered 
them  without  having  paid  much  attention  to  the  vague  notion  re- 
garding them  previously  made  public  by  Malpighi.  He  described 
a great  number  of  these,  and  left  behind  him  some  very  minute 
writings  on  the  subject.  Since  that  time  a multitude  of  authors  have 
undertaken  their  examination  ; but  there  only  exist  three  detailed 
works  worthy  of  the  care  with  which  they  have  been  executed,  and 
the  known  expertness  of  their  authors  in  the  use  of  the  microscope. 

The  first  are  the  observations  of  Leewenhoeck  himself,  the  next  are 
those  of  Hewson,  and  the  third  those  of  Dumas  and  Prévost.^  As 
they  all  agree  in  the  main  facts,  and  as  the  latter  have  had  it  in 
their  power  to  make  use  of  the  information  furnished  by  their  pre- 
decessors, we  shall  content  ourselves  with  offering  their  results. 

They  have  found  globules  in  the  blood  of  all  animals.  To  as- Globules  exist 
certain  this,  it  suffices  to  put  a little  drop  of  blood  upon  a plate  of 
glass,  taking  care  to  spread  it  gently  without  crushing.  Upon  the 
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State  of  glo- 
bules in  circu 
lation. 


Appearance 
of  globules  Î: 
the  state  of 
motion  and 
repose. 


edges  are  always  found  insulated  globules,  easy  to  be  observed  and 
measured. 

With  weak  lenses,  black  points  only  are  at  first  perceived.  These 
take  next  the  appearance  of  a white  circle,  in  the  midst  of  which 
is  seen  a black  spot,  when  the  magnifying  power  is  still  further  in- 
creased ; finally,  this  last  takes  on  the  appearance  of  a luminous 
spot,  when  the  power  extends  to  three  or  four  hundred  diameters. 

When  the  eye  has  become  familiar  with  that  image,  it  retains  the 
power  of  perceiving  it  with  much  weaker  magnifiers.  Thus,  the 
human  blood,  seen  at  first  with  No.  175,  presents  the  appearance 
seen  in  Plate  I.  ; whilst  by  examining  it  with  higher  glasses,  and 
gradually  descending  to  this  last,  we  preserve  the  power  of  catch- 
ing the  luminous  central  spot,  No.  2,  with  facility.  This  fact  af- 
fords a key  to  most  of  the  opinions  published  upon  the  subject, 
and  goes  far  to  reconcile  them. 

When  the  blood  circulates  in  the  vessels,  the  particles  which  they 
enclose  have  no  other  movement  than  that  which  is  impressed  upon 
them,  by  the  fluid;  but  the  moment  that  one  of  them  is  opened, 
they  become  agitated  in  a lively  manner,  and  the  little  drop  then 
presents  a peculiar  species  of  ebullition,  which  ceases  at  the  end  of 
some  seconds.  Sir  E.  Flome  entertains  upon  this  point  a peculiar 
opinion  : he  supposes  that  the  blood  contains  globules,  which,  in 
the  sound  state,  are  contained  within  a layer  of  colouring  matter, 
as  in  a shell  : at  the  expiry  of  thirty  seconds  from  the  date  of  its 
escape  from  the  bloodvessel,  this  external  matter  contracts,  and 
forms  a kind  of  collar  or  ring,  around  the  central  globule.  MM. 
Prévost  and  Dumas  differ  essentially  from  him  in  this  point  ; they 
consider  this  as  the  usual  state,  which  he  views  merely  as  the 
effect  of  death.  Their  proofs  seem  irrefragable,  since  they  rest  upon 
observations  made  upon  the  circulating  fluid,  in  the  wing  of  the  bat, 
the  foot  of  the  frog,  the  mesentery  of  fishes,  the  tail  of  the  miller’s 
thumb  [Gobiits  niger,  SfC-),  and  the  lung  of  the  salamander. 

They  have  ascertained,  by  numerous  observations,  that  the  ap- 
pearance and  diameter  of  the  globules  were  the  same  within  as 
without  the  vessels.  They  perceived  that  they  were  not  endowed 
with^'  a rotatory  motion  upon  their  centre,  as  some  authors  had 
thought,  but  that  they  simply  followed  the  direction  of  the  blood. 
There  may  be  perceived,  with  great  facility,  in  the  foot  of  the  frog, 
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and  the  tail  of  the  gobius,  the  diflerent  planes  or  phases  of  the  glo- 
bules, and  it  is  easy  thus  to  ascertain  their  flattened  form.  Some- 
times they  are  seen  in  piano,  sometimes  more  or  less  oblique, 
sometimes  it  is  merely  their  sharp  edge  which  appears  ; they  are 
balanced  in  the  equilibrium  of  the  fluid  which  carries  them,  and 
sometimes  they  may  be  seen  to  rotate  gentl^upon  themselves,  which 
allows  their  form  to  be  observed,  and  determined  with  accuracy. 

Moreover,  the  passage  from  the  arteries  into  the  veins  takes  place  passage  from 
without  any  interposition  whatever  ; and  the  blood  arises  from  the  imoThe"  dns. 
one  side  and  returns  to  the  other,  after  passing  through  some  vas- 
cular network.  MM.  Prévost  and  Dumas  have  attempted  to  ex- 
press this  in  the  figure  (Plate  I.),  which  represents  the  circulation 
in  the  tail  of  the  gobius.  In  that  figure  there  are  seen  at  the  same 
time  all  those  varieties  of  position  which  render  the  true  form  of 
the  blood  globules  so  clearly  appreciable.  This  arrangement  of  the 
vessels  allows  us  to  conceive  of  that  alteration  which  has  some- 
times been  remarked  in  the  course  of  the  blood,  and  of  that  retro- 
grade motion  in  the  expiring  circulation,  upon  which  Haller  and 
Spallanzani  have  so  much  insisted. 

These  different  observations  suffice  to  demonstrate  that  the  glo-  Motion  of  the 
bules  of  the  blood  are  the  same  during  life,  and  some  moments  lungs  of  the 
after  their  escape  from  the  bloodvessel.  They  prove  also  that  the 
globules  are,  in  both  cases,  of  a compressed  form  ; but  they  still 
leave  it  doubtful  whether  they  are  endowed  with  elasticity,  or  con- 
sist, as  Hewson  thought,  or  MM.  Prévost  and  Dumas  would  as- 
sure us,  of  a globule  enclosed  in  a membranous  sac. 

Since  the  publication  of  their  memoir,  the  latter  experimentalists 
have  examined  the  lung  of  the  salamander  with  a magnifier  of  three 
hundred  diameters,  and  the  spectacle  which  was  offered  to  their 
eyes  can  scarcely  be  comprehended  by  the  reader,  even  with  the 
aid  of  the  draw'ing  by  which  they  have  attempted  to  communicate 
an  idea  of  it.  (Plate  I.)  The  blood  globules  move  with  such  a 
velocity,  that  when  the  experiment  commences,  the  observer  suf- 
fers at  first  a species  of  vertigo  : but  immediately  the  circulation 
becomes  slower,  the  capillary  vessels  present  merely  a tranquil  cur- 
rent, and  the  globules  seem  to  drag  themselves  with  effort  in  the 
fluid  which  floats  them  along  : they  creep  in  the  little  vascular  ra- 
mifications, lengthen  themselves  if  the  space  is  too  narrow  for  them. 
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and  remain  often  caught  in  tliose  strainers  to  the  moment  when 
the  successive  efforts  of  those  which  follow  them,  are  enabled  to 
make  them  free  the  obstacle.  Sometimes  they  happen  to  meet  with 
a sudden  shock  from  the  obstacle  presented  by  the  narrow  space 
which  separates  the  two  vessels;  one  would  then  think  for  a mo- 
ment they  beheld  a floating,  very  flexible  bladder,  which  drove,  by 
its  centre  of  gravity,  against  whatever  obstacle  was  opposed  to  its 
course.  Like  it,  the  globule  stops  and  moulds  itself  upon  the  body 
which  obstructs  its  passage  ; the  current  of  fluid  continues  to  pro- 
pel it  in  the  same  direction,  but  it  oscillates  during  a long  time, 
uncertain  whether  it  shall  pass  into  the  vessel  opening  on  its  right, 
or  into  that  upon  its  left.  It  is  often  seen  to  rest  in  that  situation 
during  several  minutes  ; and  it  is  probable,  that  its  delay  would  be 
still  further  prolonged,  if  new  globules,  which  follow  in  the  same 
path,  did  not  incline  the  balance  in  favour  of  one  or  other  of  these 
passages.  These  varied  motions  can  leave  no  doubt  of  the  true 
conformation  of  the  globules  of  the  blood,  they  are  sacs,  as  the  au- 
thors had  formerly  affirmed  ; and  although,  at  the  period  when  their 
memoir  was  written  upon  the  subject,  they  were  very  far  from  pos- 
sessing proofs  as  decisive  as  the  present,  we  perceived  with  plea- 
sure that  there  is  nothing  to  change  in  the  conclusions  to  which 
they  were  then  conducted. 

At  present,  therefore,  we  are  persuaded  that  taking  blood  recent- 
ly extracted  from  any  animal,  and  extending  it  by  thin  plates,  or 
laminæ,  we  may  advance  to  certain  determinate  conclusions,  appli- 
cable to  the  state  of  this  same  blood  during  life.  This  is  precisely 
the  method  employed  by  MM.  Prévost  and  Dumas.  They  de- 
scribed in  their  memoir  the  manner  in  which  they  proceeded  to 
measure  the  globules  : it  offers  some  difficulty,  without  doubt,  yet 
nevertheless  it  may  be  hoped,  that  long  practice  with  the  micro- 
scope may  have  enabled  them  to  execute  it  with  some  precision. 
In  Haller  may  be  seen  his  own  attempts,  and  the  attempts  of  those 
who  have  preceded  him  *.  The  following  table  exhibits  a few  of 
those  that  are  known  relative  to  human  blood. 
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Jurin,  

Same,  New  Experiments  approved  by 

Leewenhoecb,  

Young,  


Wollaston, 
Bauer,  .... 
Kater,  . . . . 
Same, 


1 _ of  an  inch. 

52Ï0 


1 

1940 


60  60 

1 

5000 

_1_ 

■Ï  7 0 0 

J 

6000 

1 

ITooo 


Prévost  and  Dumas  found  it  constantly  at  of  an  inch, 

English,  such  as  are  all  the  measures  in  the  table.  They  examined 
the  blood  of  twenty  sound  persons,  and  a much  greater  number  of 
sick.  Hitherto  they  have  not  been  able  to  observe  any  difference 
from  the  age,  sex,  or  morbid  state  of  the  person  : still  it  is  possible 
that  they  exist,  and  the  later  experiments  of  M.  Bauer  may  put 
us  upon  a way  of  discovering  them.  All  the  persons  who  have 
had  the  curiosity  to  witness  their  principal  results,  have  not  hesi- 
tated to  assign  two  millimetres,  or  ^ of  an  English  inch,  as  the 
diameter  of  the  globules  of  human  blood,  in  the  circumstances  un- 
der which  they  had  measured  them  ! The  error  must  no  doubt 
arise  from  the  value  adopted  to  express  the  power  of  their  micro- 
scope. As  to  the  inequalities  of  particles  subsisting  in  the  same 
blood,  it  is  not  possible  to  believe  thefin  real,  at  least  that  which  is 
drawn  from  very  eccentric  portions  of  the  body.  Nothing  is  more 
regular  than  the  human  body  in  this  respect  : much  search  is  ne- 
cessary to  meet  with  a particle  which  differs  from  the  ordinary  ; 
and  such  has  almost  always  proved  in  the  end  an  optical  illusion, 
from  a variation  in  the  focus,  or  a mechanical  alteration  of  the 
globules. 

It  appears  then,  that  the  method  adopted  by  MM.  Prévost  and 
Dumas  offers  us  results,  at  least  very  plausible,  if  we  refuse  to  ad- 
mit them  to  absolute  credence.  This  certainty  at  present  is  still 
necessary  to  the  wants  of  science  ; and  under  this  consideration, 
it  will  be  of  advantage,  in  this  place,  to  present  the  reader  with  a 
table,  which  these  experimentalists  have  drawn  up  from  their  la- 
bours. 
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Animals  iuith  circular  globules- 


Animals’  Names. 

Apparent 
diameter 
300  parts. 

Real  dia- 
meter. 

Real  decimal 
diameter. 

Green  Monkey  of  Africa, 

Man,  Dog,  Babbit,  Hedge-hog,  Biver  1 

2*5 

1 

1 2 Ü 
1 

0.00833 

Hog,  Guinea  Pig,  AVood  Bat, j 

2- 

150 

0*00666 

Ass, 

1*85 

1 

162 

0*00617 

Cat,  Brown  and  White  Bat,  p'ield  Bat, 

1*75 

1 

1 7 1 

0*00385 

Sheep,  Long-eared  Bat,  Vespertilio  aw-l 
ritus  L.,  Horse,  IMule,  Ox, f 

1*50 

1 

2ÜÜ 

0*00500 

Chamois,  Deer, 

1*37 

2T8 

00045S 

Goat, 

1* 

1 

0*00386?' 

Animals  •with  oblong  j^ctrticles. 


Name. 


Greater. 


Screech  Owl,  Pigeon, 

Turkey,  Duck, 

Chicken, 

Peacock, 


Goose, Goldfinch,...  ) 

Crow,  Sparrow,...  j 

Tomtit, 

Land  Tortoise, 

Viper, 

Blind  worm  or  Anguis 
Snake  of  Bazomousky, 

Brown  Lizard, 

Girdle  Salamander, 

Crested  Salaman- 
der,  

Common  Toad,  com- 
mon  Frog,  red 
templed  do 

Eel-pout, Minnow,  Eel 

N.B. — A millimetre  is  *039376  of  English 

cimal  in  last  column,  will  give  the  measure 
Thus  the  lesser  diameter  of  the  Salamander 
12  = *0084  = of  a line — Tr. 


Apparent  dia- 
meters, power 
300. 


4*00 

3*84 

3*67 

3*52 

3- 47 

3*00 

6.15 

4*97 

4*o0 

5*80 

455 

8-50 

6 80 

4- 00 


Lesser. 


2-00 

idem. 


3*85 

3-00 

2-00 

300 

2*71 

5-28 

4 00 
2-44 


Real  diameters, 
in  fractions  of 
a millimetre. 


_1_ 

75 

1_ 

78 

JL 

8 1 

JL 

85 

1_ 

86 

_1 
10  0 
1_ 
48 
1 

60 
JL 
6 6 

1 

5 1 

L 

66 

1 

55 


1 

lo 


_L 

75 


1 

150 


_L 
7 7 

_1_ 
10  0 
1 

1 1 5 
1 

100 

I 

1 1 1 

]_ 

56 


JL 

75 


1 

123 


Real  diameters  in  de- 
cimal fractious  of 
a millimetre. 


Greater. 


0.01333 

0*01206 

0*01223 

001173 

001156 

0 01000 

0*02050 

0*01650 

0 0150 

0*01930 

001510 

0*02830 

0*22000 

0*0133 


Lesser. 


0*05666 


0*01280 
001000 
0*08600 
0 01000 
0*00900 

0*01760 

0*01330 
0 8813a 


inch.  This  number  multiplied  by  the  de- 
in inch  parts;  and  by  12  again,  in  lines, 
globules,  is  *0176  and  *039376  X .0176  X 


* The  whole  of  the  numbers  of  this  Table  have  been  corrected 

meter  1,  gives  a real  one  = giç  ==  0*00333.  Moreover,  *00386 is  not  the  deumal 
but  of  2 55  nearly.— Tn. 
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It  is  to  be  observed,  that  MM.  Prévost  atid  Dumas  have  been 
able  to  determine  wdth  suflBcient  precision  the  rature  of  the  curve 
in  those  latter  globules,  having  ascertained  that  it  should  be  re- 
ferred to  the  ellipse  ! ! 

Their  observations  also  comprise  some  mollusca  and  insects. 

They  are  about  to  publish  them  ; and  they  have  always  met  circu- 
lar, but  sometimes  very  irregular,  globules  in  these  classes. 

Besides,  the  results  that  we  have  traced  speak  for  themselves, 
and  show  that  the  globules  of  blood  are  very  exactly  of  a circular 
form  in  the  mammalia  ; elliptic,  on  the  contrary,  in  birds  and  cold- 
blooded animals.  It  also  appears  that  they  are  compressed  in  all 
animals,  and  composed  of  a central  nucleus,  enclosed  in  a membra- 
nous sac.a 

Retained  from  last  edition,  1817. 

After  what  we  have  said  of  arterial  blood  at  the  article  Author’s  opi- 
Respiration,  there  remains  little  more  to  be  added  here  upon  this  rng"the  giol^ 
liquid.  I shall  only  notice,  that  our  learned  Professor  Vauquelin  wood,  as  ex- 
has  lately  found  in  this  fluid  a considerable  quantity  of  a yellow  Formra  edi-  ^ 
coloured  fat  oil,  of  a sweet  savour,  and  a soft  consistence,  and 
which  consequently  has,  at  least  in  appearance,  some  analogy  with 
grease.a 

“ When,  by  the  aid  of  a strong  lens,  or  a microscope,  we  observe 
the  transparent  parts  of  cold-blooded  animals,  we  see  in  the 
bloodvessels  an  immense  multitude  of  small  rounded  molecules, 
which  swim  in  the  serum,  and  roll  upon  each  other,  whilst  they 
flow  through  the  arteries  and  veins. 

“ Similar  observations  have  never  been  made  upon  the  hot-blood- 
ed animals,  the  membranes  and  sides  of  the  vessels  being  opaque. 

But  as,  in  separating  a drop  of  blood  in  water,  rounded  particles 
are  often  seen  with  the  microscope,  the  existence  of  globules  has 
been  admitted  for  the  blood  of  animals,  and  consequently  for  that 
of  man. 

“ Authors  have  related  marvellous  things  of  these  globules.  Ac- 
cording to  Leeiuenhoeck,  a thousand  millions  of  these  globules  are 
not  larger  than  a grain  of  sand.  Haller,  in  speaking  of  cold- 
blooded animals,  for  he  never  could  see  those  of  hot-blooded  ani- 
mals, says,  that  they  are  to  an  inch  as  one  inch  is  to  five  thousand. 

Some  will  have  them  of  the  same  form  and  diameter  in  all  animals; 
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Globules 
of  blood. 


Pulmonary 

velus. 


others,  on  the  contrary,  assert  that  they  have  a particular  form 
and  size  for  each  animal  ; some  declare  that  they  are  spherical 
and  solid,  others  that  they  are  flattened,  and  pierced  with  a small 
hole  in  the  centre  ; lastly,  many  believe  that  a globule  is  a 
species  of  small  bladder,  which  contains  a certain  number  of  smaller 
globules. 

“I  believe  that  many  errors  of  imagination  and  optical  illusions 
have  slid  into  these  different  opinions.  I have  made  a great  num- 
ber of  microscopic  experiments  in  order  to  satisfy  myself  in  this 
respect  ; I have  never  seen  in  the  blood  of  man,  diluted  in  water, 
any  thing  but  particles  of  colouring  matter,  generally  rounded,  of 
different  sizes,  which,  according  as  they  are  placed  exactly  or  not 
in  the  focus  of  the  microscope,  appear  sometimes  spherical,  some- 
times flat,  and  at  other  times  of  the  figure  of  a disc,  pierced  in 
the  centre  : All  these  appearances  can  be  produced  at  pleasure, 
by  varying  the  position  of  the  particles  relatively  to  the  instru- 
ment. 

“ I also  believe  that  bubbles  of  air  have  often  been  described  and 
drawn  for  globules  of  blood  ; at  least,  nothing  has  more  resemblance 
to  certain  figures  of  Hewson,  than  the  very  small  bubbles  of  air 
that  are  produced  by  slightly  agitating  the  liquid  submitted  to  the 
microscope 

CirculaLory  apparatus  of  the  arterial  blood. 

It  is  composed,  1st,  of  pulmonary  veins  ; 2d,  of  the  left  cavities 
of  the  heart  ; 3d,  of  the  arteries. 

Pulmonary  veins. 

They  have  their  origin,  like  the  veins  properly  so  called,  in  the 
tissue  of  the  lungs  ; that  is,  they  form  at  first  an  infinite  number 
of  radicles,  which  appear  to  be  the  continuation  of  the  pulmonary 
artery.  These  radicles  unite  to  form  thicker  roots,  which  themselves 
become  still  thicker.  Lastly,  they  all  terminate  in  four  vessels,  which 
open,  after  a short  passage,  into  the  left  auricle.  The  pulmonary 
veins  are  different  from  the  other  veins,  in  their  not  anastomosing 


* This  instructive  passage  our  author,  in  consequence  of  a change  of  opi- 
nion, has  omitted  in  the  second  French  edition.— Tr. 


COMPENDIUM  OF  PHYSIOLOGY. 


411 


after  they  have  acquired  a certain  dimension  : a similar  disposition 
has  been  seen  in  the  divisions  of  the  artery  which  is  distributed  to 
the  lungs. 

The  pulmonary  veins  have  no  valves,  and  their  structure  is  simi- 
lar to  that  of  the  other  veins  ; their  middle  membrane  is,  however, 
a little  thicker,  and  it  appears  to  possess  nrore  elasticity. 

Left  cavities  of  the  heart. 

The  form  and  size  of  the  left  auricle  are  not  much  different  Left  ventricle 
from  the  right  ; except  in  the  appendage  called  proper  auricle,  its 
surface  is  smooth,  and  presents  no  fleshy  column.®  It  communi- 
cates by  an  oval  opening  with  the  left  ventricle,  which  is  distin- 
guished from  the  right  by  the  greater  thickness  of  its  sides,  the 
number,  the  volume,  and  disposition  of  its  fleshy  columns  : the 
opening  by  which  the  auricle  and  ventricle  communicate  is  pro- 
vided, with  a valve  called  mitral,  very  similar  to  the  tricuspid^ 

The  ventricle  gives  origin  to  the  aorta,  the  orifice  of  which  pre- 
sents three  valves  similar  to  the  sigmoid  valves  of  the  pulmonary 
artery. 


Of  the  arteries. 

The  aorta  is  to  the  left  ventricle  what  the  pulmonary  artery  is  of  the  aorta 
to  the  right  ventricle,  but  it  is  different  from  it  in  many  important  sions. 
respects  ; its  capacity  and  extent  are  much  more  considerable  ; 
almost  all  its  divisions  are  considered  as  arteries,  and  have  particu- 
lar names;  its  branches  anastomose  in  a different  manner  with  each 
other;  many  of  them  present  numerous  and  strongly  marked 
fexures  ; they  are  distributed  to  all  the  parts  of  the  body,  and 
affect  in  each  a particular  disposition  ; lastly,  they  terminate  by  a 
communication  with  the  veins  and  the  lymphatic  vessels.  In 
other  respects,  the  structure  of  the  aorta  is  very  similar  to  that  of 
the  pulmonary  artery,  only  its  middle  membrane  is  much  thicker, 
and  more  elastic.  Almost  in  its  whole  length  the  aorta  is  accom- 
panied by  filaments  proceeding  from  the  ganglions  of  the  great 
sympathetic  nerve  : these  filaments  are  seen  to  spread  in  its 
sides. 
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Course  of  arterial  blood  in  the  pulmonary  veins. 

In  treating  of  the  course  of  the  blood  in  the  pulmonary  artery, 
we  have  shewn  how  that  liquid  reaches  the  last  division  of  this 
vessel  ; the  blood  does  not  stop  there,  it  passes  into  the  radicles  of 
the  pulmonary  veins,  and  very  soon  reaches  the  trunk  of  these  veins  ; 
in  this  passage  it  presents  a gradually  accelerated  motion,  in  pro- 
portion as  it  passes  from  the  small  veins  into  the  larger  ; finally,  it 
does  not  at  all  flow  by  jerks,  and  it  appears  to  be  nearly  equally 
rapid  in  the  four  pulmonary  veins. 

bicodthrough  what  occasions  the  progression  of  the  blood  in  these  veins  ? 

of^hetungsf  cause  which  presents  itself  naturally  to  the  mind,  is  the  con- 
traction of  the  right  ventricle,  and  the  pressure  of  the  sides  of  the 
pulmonary  artery  ; indeed,  after  having  pressed  the  blood  through 
the  last  divisions  of  the  pulmonary  artery,  we  cannot  see  why  these 
twocauses  may  not  continue  to  make  it  move  in  the  pulmonary  veins. 

Such  was  the  opinion  of  Harvey,  who  first  demonstrated  the  true 
course  of  the  blood  ; but  it  appears  that  modern  physiologists  have 
found  it  too  simple  ; and  it  is  now  generally  received,  that  being 
once  arrived  in  the  last  divisions  of  the  pulmonary  artery,  and  into 
the  first  radicles  of  the  veins,  or,  according  to  the  adopted  language, 
into  the  capillaries  of  the  lungs,  the  heart  has  no  more  influence  on 
the  motion  of  the  blood  : it  then  moves  only  by  the  proper  action 
of  the  small  vessels  that  it  traverses. 

This  idea  of  the  action  of  the  capillary  vessels  upon  the  blood 
occupies  high  ground  at  present,  in  physiology  ; the  mind  is  cap- 
tivated with  being  able  to  explain  with  ease  the  most  obscure  phe- 
nomena by  its  aid. 

Capillary  im-  Let  US  then  examine  it  with  attention  ; and,  first,  has  this 
puhe  examin- of  the  capillaries  been  actually  observed  by  any  person?  Is 
it  sensible  ? No  ; no  one  has  ever  seen  it  ; it  is  merely  imagined  *. 


* Tills  action  of  the  capillaries  is  directly  contrary  to  obsei-vation.  In  the 
lung  of  reptiles,  by  the  aid  of  a single  lens,  the  blood  is  seen  to  pass  from 
arteries  into  veins  w ithout  any  movement  of  die  vessels  being  perceived.  Yet 
the  least  change  of  dimension  w ould  be  very  apparent  ; and  the  same  thing 
obtains  of  warm-blooded  animals,  wherever  the  blood  can  be  seen  traversing 
the  capillaries. 
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But  suppose  this  action  of  the  capillaries  admitted,  in  what  objections, 
does  it  consist  ? Is  it  a contraction  more  or  less  considerable,  by 
which  they  press  out  the  blood  with  which  they  are  filled  ? I am 
willing  to  believe,  that,  in  contracting,  they  null  press  out  the 
blood  ; but  there  is  no  reason  why  they  should  direct  it  more  to- 
wards the  arteries  than  towards  the  veins.  Then,  the  small  vessel 
being  once  empty,  how  is  it  filled  again  ? This  can  take  place 
only  in  so  much  as  the  heart  affords  new  blood,  or  by  its  dilata- 
tion attracts  that  placed  in  the  vessels  which  are  near;  in  this 
supposition,  it  would  attract  that  of  the  veins  as  well  as  that  of 
the  arteries.  Thus,  in  admitting,  what  is  certainly  a gratuitous 
supposition,  that  the  capillary  vessels  dilate  and  contract  alternate- 
ly, still  we  will  not  have  an  explanation  of  the  function  which  is 
attributed  to  them.  In  order  that  they  may  have  this  use,  it  would 
be  necessary  for  each  capillary  to  be  disposed  in  a manner  similar 
to  the  heart  ; that  it  should  be  composed  of  two  parts,  one  of 
which  would  contract,  whilst  the  other  should  dilate  ; and  that 
there  should  be  a valve  between  them,  like  or  analogous  to  the 
mitral  : even  with  this  disposition  we  could  not  explain  the  uni- 
form flowing  of  the  blood  in  these  vessels,  and  in  the  pulmonary 
veins.  The  same  is  the  case  with  the  pretended  peristaltic  motion 
which  has  been  ascribed  to  them. 

In  whatever  point  of  view  we  examine  this  action  of  the  capil- 
laries, every  thing  is  vague  and  contradictory  ; besides,  in  reptiles, 
in  which  we  can  see  with  facility  the  blood  of  the  pulmonary  artery 
pass  into  the  veins  by  the  aid  of  a microscope,  there  is  no  motion 
perceived  in  the  place  where  the  artery  changes  to  a vein  ; and 
nevertheless  the  flowing  of  the  blood  is  perfectly  manifest,  and 
equally  rapid. 

We  may  then  conclude  that  the  action  of  the  pulmonary  capil- 
laries upon  the  motion  of  the  blood  in  the  pulmonary  veins  is  a 
gratuitous  supposition,  an  act  of  imagination — in  a word,  a chi- 
mera ; and  that  the'  true  cause  of  the  passage  of  the  blood  from 
the  artery  into  the  pulmonary  veins,  is  the  contraction  of  the  right 
ventricle. 

I am  far  from  thinking  that  the  small  vessels  allow  the  blood  al- 
ways to  pass  in  the  same  manner  ; we  have  a proof  of  the  contrary 
at  each  inspiration  or  expiration.  The  passage  is  easy  when  the 
lungs  are  distended  by  the  air  : if  the  chest  is  contracted,  and  the 
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lungs  contain  little  air,  it  becomes  more  difficult.  Besides,  it  is 
extremely  probable  that  they  dilate  or  contract,  according  to  the 
quantity  of  blood  that  traverses  the  lungs,  and  perhaps  according 
to  many  other  circumstances.  I believe  that,  according  as  they 
are  distended  or  contracted,  they  must  influence  the  progress  of 
the  fluid  which  traverses  them  ; but  this  is  far  from  believing  them 
capable  of  modifying  the  circulation  of  the  blood,  or  considering 
them  as  the  sole  agents  of  its  motion. 

The  eighth  pair,  however,  appear  to  have  a great  influence  upon 
coirs^'’of  the^  the  passage  of  the  blood  across  the  lungs.  It  very  probably  mo- 
difies  the  disposition  of  the  capillaries  of  these  organs. 

In  dead  bodies,  when  an  injection  of  water  is  thrown  into  the 
pulmonary  artery,  it  immediately  flows  into  the  veins  ; a part  of 
it,  however,  passes  into  the  bronchial  cells,  mixes  with  the  air,  and 
forms  with  this  fluid  a slight  froth  ; another  part  of  it  flows  and 
filters  into  the  cellular  tissue  of  the  lungs. 

After  some  time,  when  this  filtration  has  become  considerable, 
it  is  impossible  to  make  an  injection  pass  into  the  pulmonary  veins  : 
analogous  effects  take  place  when,  instead  of  water,  blood  is  inject- 
ed into  the  pulmonary  artery.  These  phenomena,  as  is  seen,  have 
a great  deal  of  analogy  with  those  which  the  section  of  the  eighth 
pair  produces  upon  living  animals  *. 

It  is  only  in  respect  to  the  extreme  tenuity  of  caliber  of  the 
pulmonary  capillaries,  that  the  use  of  the  globules  of  the  blood, 
and  their  extreme  smallness,  can  be  comprehended.  If  the  solid 
and  insoluble  part  of  the  blood  had  not  been  divided  into  such 
small  masses,  it  could  not  have  threaded  the  minute  vessels  which 
join  the  arteries  to  the  veins.  Experiment  proves  this.  I inject- 
ed into  the  veins  of  animals  fine  impalpable  powder  of  sulphur 
and  charcoal,  suspended  in  a little  mucilaginous  water.  The  ani- 
mals soon  died  : and  upon  opening  their  bodies,  I found  the  pul- 

* In  diseases  with  alteration  of  the  pulmonary  tissue,  in  pneumonia, 
brown  hépatisation,  &c.  I have  ascertained  that  the  passage  of  a watery  in- 
jection from  !he  pulmonary  artery  into  the  veins  is  impossible,  or  very  difB- 
cult  • in  certain  cases,  when  there  existed,  before  death,  an  abundant  expec- 
toration, the  injection  passed  info  the  bronchia.  In  short,  I have  strong 
reasons  for  suspecting  that  most  of  the  organic  lesions  of  the  lung  consist  in 
a o-reater  or  less  obstruction  of  the  passage  of  the  blood  through  the  pulmo- 
nary capillaries,  and  consequently  in  an  effusion  of  the  different  elements  of 
the  blood  into  the  parenchyma  of  the  lungs. 
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monary  arteries  stuffed  up  with  the  injected  powder,  which  had 
been  too  gross  to  find  a passage  through  them. 

Nay,  if  the  blood  be  too  viscid,  and  its  particles  separate  with  Experiments 
some  difficulty,  the  circulation  stops,  because  the  blood  no  longer  of 
traverses  the  lung  ; it  is  stopt  and  effused  into  its  substance, 

Several  serious  diseases  owe  their  origin,  perhaps,  to  this  cause  ; at 
least  animals  perish  almost  immediately  from  liquids  being  intro- 
duced more  viscid  than  the  blood  in  circulation  : such  as  oil,  mu- 
cilage, and  even  metallic  mercury,  as  M.  Gaspard  has  observed. 

(See  Journ.  Phys.  i.  165.) 

Absorpiion  of  the  pulmonary  veins. 

The  pulmonary  veins  absorb  the  same  as  otlier  veins,  and  trans-  Absorption  of 

1 • 1 • pulmo- 

port  to  the  heart  the  substances  wdnch  are  in  contact  with  the  veins. 

spongy  tissue  of  the  lobules  of  the  lungs. 

One  inspiration  of  air  charged  with  odorous  particles,  is  sufficient 
for  its  effects  to  become  manifest  in  the  animal  economy.® 

The  deleterious  gases,  medicinal  substances  floating  in  the  air, 
contagious  miasmata,  certain  poisons  or  medicines  applied  upon  the 
tongue,  produce  effects  in  this  manner  of  astonishing  rapidity. 

The  manner  in  which  this  absorption  is  performed,  though  long 
unknown,  and  the  object  of  much  vague  hypothesis,  turns  out  to  he 
extremely  simple.  It  entirely  depends  upon  the  mechanical  proper- 
ties of  the  vascular  parietes.  If  a gas  or  vapour  penetrates  into  the 
lung,  these  bodies  traverse  the  membranes  which  form  the  walls  of 
the  little  vessels,  and  become  mixed  wdth  the  blood.  If  it  be  a 
liquid,  it  is  imbibed  by  the  same  parietes,  arrives  at  the  cavity  of 
the  vessels,  and  is  immediately  dragged  from  thence  by  the  pass- 
ing current  of  blood  ; and  as  these  walls  are  very  thin,  the  passage, 
or,  w'hich  is  the  same  thing,  the  absorption,  takes  place  very  ra- 
pidly. 

In  the  case  of  epidemics,  or  fevers  deemed  contagious,  it  is  of 
high  importance  to  discover  the  matters  which,  under  the  form  of 
vapour,  gas,  miasm,  &c.  may  he  diffused  in  the  air,  and  descend 
into  the  lungs.  The  physician  who  visits  patients  affected  with 
serious  diseases,  in  places  exhaling  a fetid  odour,  will  always  do 
well  to  avoid  them. 
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Passage  of  the  arterial  blood  through  the  left  cavities  of  the 
heart. 

Action  of  the  The  mechanism  by  which  the  blood  traverses  the  left  auricle 

left  V6ntricl6  * 

and  auricle,  and  ventricle,  is  the  same  as  that  by  which  the  venous  blood  tra- 
verses the  right  cavities. 

When  the  left  auricle  dilates,  the  blood  of  the  four  pulmonary 
veins  enters  and  fills  it  ; when  it  contracts,  part  of  the  blood  passes 
into  the  ventricle,  and  part  flows  back  into  the  pulmonary  veins  ; 
when  the  ventricle  dilates,  it  receives  the  blood  which  comes  from 
the  auricle,  and  a small  quantity  of  that  of  the  aorta  ; when  it 
contracts,  the  mitral  valve  is  raised,  it  shuts  the  auriculo-ventri- 
cidar  opening,  and  the  blood  not  being  able  to  return  into  the 
auricle,  it  enters  into  the  aorta  by  raising  the  three  sigmoid  valves, 
which  were  shut  during  the  dilatation  of  the  ventricle. 

It  is  necessary  to  remark,  however,  that  the  fleshy  columns  having 
no  existence  in  the  left  auricle,  they  cannot  influence  the  blood  in 
the  manner  which  we  have  described  whilst  speaking  of  the  right 
auricle  ; and  the  arterial  ventricle  being  much  thicker  than  the 
venous,  it  compresses  the  blood  with  much  greater  force  than  the 
right  ; which  was  indispensable,  on  account  of  the  distance  to  which 
it  has  to  send  this  liquid. 

Course  of  the  blood  in  the  aorta  and  its  divisions. 

courseofOie  Notwithstanding  the  differences  which  exist  between  this  and 
the  pulmonary  artery,  the  phenomena  of  the  motion  of  the  blood 
are  nearly  the  same  in  both  : thus  a ligature  being  applied  upon 
this  vessel,  near  the  heart  in  a living  animal,  it  contracts  in  its 
whole  length,  and,  except  a small  quantity  that  remains  in  the  prin- 
cipal arteries,  the  blood  passes  immediately  into  the  veins. 

Some  authors  doubt  the  fact  of  the  contraction  of  the  arteries  ; 
the  following  experiment  may  be  made  to  convince  them  : Uncover 
the  carotid  artery  of  a living  animal  the  length  of  several  inches  ; 
take  the  transverse  dimension  of  the  vessel  with  compasses,  tie  it 
at  two  different  points  at  the  same  time,  and  you  may  then  have 
any  length  whatever  of  artery  full  of  blood  ; make  a small  opening 
in  the  sides  of  this  portion  of  the  artery,  you  will  immediately  see 
almost  the  whole  of  the  blood  pass  out,  and  it  will  even  spout  to  a 


COMPENDIUM  OF  PHYSIOLOGY. 


417 


considerable  distance.  Then  measure  the  breadth  with  the  compasses, 
and  there  will  remain  no  doubt  of  the  artery  having  much  contract* 
ed,  if  the  rapid  expulsion  of  the  blood  has  not  already  convinced  you. 

This  experiment  also  proves,  contrary  to  the  opinion  of  Bichat, 
that  the  force  with  which  the  artery  contrac4s  is  sufficient  to  expel 
the  blood  that  it  contains.  I shall  just  now  give  otlier  proofs  of  it. 

This  almost  total  expulsion  cannot  happen  during  life,  because  the 
left  ventricle  sends  new  blood  at  every  instant  into  the  aorta,  and 
this  blood  replaces  that  which  constantly  passes  into  the  veins. 

Every  time  that  the  ventricle  injects  blood  into  the  aorta,  both 
it  and  its  divisions  are  extended  to  a certain  degree  ; but  the  dila- 
tation becomes  weaker  in  proportion  as  the  arteries  become  smaller; 
it  ceases  entirely  in  those  that  are  very  small.  It  is  seen  that 
these  phenomena  are  the  same  which  we  described  in  speaking  of 
the  pulmonary  artery  ; the  explanation  that  we  gave  of  it  ought  to 
be  repeated  here. 

The  polish  of  the  interior  surface  of  the  arteries  must  be  very 
favourable  to  the  motion  of  the  blood  : we  at  least  know,  that  if  it 
become  less,  as  happens  in  several  diseases,  the  flowing  of  this 
liquid  is  more  or  less  incommoded,  and  it  may  even  stop  entirely. 

This  is  probably  the  cause  why  the  blood  does  not  flow  long 
through  a tube  into  which  tlie  open  extfemity  of  an  artery  is  intro- 
duced. 

Very  probably  the  friction  of  the  blood  against  the  sides  of  the 
arteries,  its  adhesion  to  them,  its  viscosity,  &c.  have  also  a great 
influence  upon  its  motion  ; but  these  different  causes,  either  united 
or  separated,  are  inappreciable. 

Besides  these  phenomena  common  to  the  two  arteries,  there  are 
some  wliich  are  peculiar  to  the  aorta,  and  which  depend  upon  the 
anastomoses  existing  between  its  branches,  and  the  multiplied 
bendings  which  are  in  most  of  them. 

Whenever  an  artery  presents  a flexure,  every  time  that  the  ven-  Effector 
tide  contracts,  there  takes  place  a tendency  to  become  straight,  or  artei^ies.” 
even  a real  straightening  of  the  vessel — a tendency  whidi  manifests 
itself  by  an  apparent  motion,  called  by  some  autliors  locomotion  of 
the  artery^  and  which  has  been  regarded  as  the  principal  cause  of 
the  pulse.  This  motion  is  so  much  stronger  as  it  is  observed 
nearer  the  heart,  and  in  a larger  artery.  I'he  arch  of  the  aorta 
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anastomoses. 


is  the  place  where  it  is  the  most  apparent  ; it  can  be  easily  ex- 
plained. 

One  consequence  to  be  deduced  from  this  fact  is,  that  it  is  me- 
chanically impossible  that  the  curvatures  of  arteries  should  not 
retard  the  course  of  the  blood,  particularly  when  they  are  angular. 
Bichât  deceived  himself  completely  in  this  respect,  when  he  as- 
serted that  the  arterial  bendings  have  no  influence  upon  it.  That, 
he  affirmed,  could  not  happen  but  in  proportion  as  the  arteries 
were  empty,  when  the  blood  came  from  the  heart  ; but  as  they  are 
always  full,  such  an  effect  could  not  take  place.  But  since  each 
bending  consumes  a part  of  the  force  which  is  employed  in  straight- 
ening the  vessel,  or  even  in  tending  to  straighten  it,  there  is  then 
less  force  left  for  the  progress  of  the  liquid,  and  consequently  its 
motion  is  retarded. 

The  influence  of  different  anastomoses  is  more  easily  explained  : 
we  see  that  they  are  useful,  and  that,  by  their  assistance,  the  ar- 
teries mutually  supply  each  other  in  the  distribution  of  the  blood 
to  the  organs  ; but  it  cannot  be  said  exactly  what  modifications 
they  impress  upon  the  motion  of  the  blood. 

If  the  dimensions,  the  curvatures,  and  probably  the  anastomoses 
of  the  arteries  have  so  great  an  influence  upon  the  course  of  the 
impossible  that  all|the  organs,  where  each  of  these 
things  presents  a different  disposition,  can  receive  blood  with  the 
same  quickness,  and,  consequently,  with  the  same  force.  For  ex- 
ample, the  brain  has  four  large  arteries  for  itself  ; but  these  arte- 
ries make  numerous  windings,  and  even  present  several  angular 
bendings  before  entering  the  skull  ; and  when  they  have  reached  it, 
they  very  frequently  anastomose,  and  do  not  enter  into  the  tissue 
of  the  organ  until  they  have  become  extremely  small  : the  blood, 
then,  must  enter  but  slowly.  Experiment  proves  this  : when  a sec- 
tion of  the  cerebral  substance  is  removed,  there  follows  scarcely  any 
effusion  of  blood.  On  the  contrary,  the  kidneys  have  only  one 
artery,  short  and  thick,  which  enters  into  their  parenchyma  when 
its  divisions  are  still  very  large  : the  blood,  then,  must  traverse  it 
with  rapidity,  and  thus,  from  the  slightest  injury  of  the  kidney, 
that  fluid  is  poured  out  from  it  iti  great  abundance. 

Thus,  by  the  concurrence  of  circumstances,  which  modify  the 
course  of  the  arterial  blood,  a very  complicated  problem  of  hydrau- 
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lies  is  resolved  ; namely?  the  distribution  (continued,  but  variable 
as  to  quantity  and  velocity)  of  a fluid  contained  in  a system  of 
tubes,  the  parts  of  which  are  very  unequal  in  length  and  capacity, 
by  means  of  one  alternate  agent  of  impulsion. 

We  have  placed  the  dilatation  and  contraction  of  the  ai'teries 
amongst  the  number  of  the  phenomena  of  the  course  of  the  arterial 
blood. 

The  existence  of  these  phenomena  is  not  admitted  by  Bichat. 

This  author  will  not  allow  that  the  arteries  dilate  in  the  instant 
when  the  ventricle  contracts,  and  he  positively  denies  that  they  con- 
tract and  press  the  blood  in  all  directions  ; I believe,  nevertheless, 
that  with  a little  attention  it  is  possible  to  see  these  phenomena 
distinctly  in  an  artery  laid  bare.  For  example,  they  are  evident 
in  the  large  arteries,  such  as  the  abdominal,  or  pectoral  aorta,  par- 
ticularly in  the  large  animals  ; but  to  make  them  apparent  in  the 
smaller  arteries,  the  following  experiment  must  be  made. 

Lay  bare  to  a certain  extent  the  crural  vein  and  artery  of  a dog.  Experiments 
then  passa  ligature  behind  these  two  vessels,  the  extremities  of  couSe^of  the 
which  must  be  fastened  strongly  to  the  posterior  part  of  the  thigh  ; aorta. 
in  this  manner  the  arterial  blood  will  arrive  at  the  member  only  by 
the  crural  artery,  and  will  return  to  the  heart  only  by  the  vein  : 
measure  the  diameter  of  the  artery  with  compasses,  then  press  it 
between  the  fingers  to  intercept  the  current  of  the  blood,  and  its 
volume  will  diminish  by  little  and  little  below  the  place  compress- 
ed, and  the  blood  that  it  contained  will  pass  out.  Then,  by  ceas- 
ing to  compress  it,  let  the  blood  enter  it  anew  ; it  will  be  seen  to 
extend  at  each  contraction  of  the  ventricle,  and  will  reassume  its 
former  dimensions. 

But  though  I consider  as  certain  the  dilatation  and  contraction 
of  the  arteries,  I am  far  from  thinking,  with  some  authors  of  the 
last  age,  that  they  dilate  of  themselves,  and  that  they  contract  like 
the  muscular  fibres  ; on  the  contrary,  I believe  that  they  are  passive 
in  both  cases,  that  is,  their  dilatation  and  contraction  are  only  the 
effect  of  the  elasticity  of  their  sides  put  in  play  by  the  blood  which 
is  continually  injected  into  their  cavity  by  the  heart. 

In  this  respect  there  is  no  difference  between  the  large  and  the  Experiments 
small  arteries.  I have  proved,  by  direct  experiments,  that  the 
teries  no  where  present  any  indication  of  irritability,  that  is,  they 

n d 2 


1 


420 


COMPENDIUM  OF  PHYSIOLOGY. 


remain  immovable  under  tlie  action  of  sharp  instruments,  of  caus- 
tics, and  of  the  galvanic  current  *. 


effect  of  them.  He  did  not  believe  that  the  blood  6owed,  or 
moved  in  a continued  manner  in  these  vessels  ; he  thought  that 
the  whole  mass  of  liquid  was  displaced  at  the  instant  in  which  the 
ventricle  contracts,  and  was  motionless  at  the  instant  of  its  relaxa- 
tion, as  would  happen  if  the  sides  of  the  arteries  were  inflexible. 


This  opinion  has  been  lately  maintained  by  Doctor  Johnson,  an 
English  physician  ; he  has  even  caused  a machine  to  be  construct- 
ed, which,  he  says,  renders  this  evident  : but  it  is  sufficient  to 


cannot  produce  a continued  stream.  The  arteries  must  then  act  P 


The  elasticity  of  the  sides  of  the  arteries  represents  that  of  the 


thearte-iK.  reservoir  of  air  in  certain  pumps  that  play  alternately,  and  which 


nevertheless  furnish  the  liquid  in  a continued  manner  ; and  it  is 


force  which  produces  it,  to  compress  a spring  (ressort  ?)  which 
afterwards  acts  with  continuity. 


When,  in  the  dead  body,  an  injection  is  thrown  into  an  artery, 
it  immediately  returns  by  the  corresponding  vein  : the  same  thing 
takes  place,  and  with  still  more  facility,  if  the  injection  be  thrown 
into  the  artery  of  a living  animal.  In  cold-blooded  animals,  the 
blood  can  be  seen,  by  the  aid  of  a microscope,  passing  fi'om  the 
arteries  into  the  veins.  The  communication  between  these  vessels 


* Doctor  Hastings,  of  Worcester,  observes  no  less  than  four  species  of 
contraction  inthe  large  arteries  ; 1.  Annular  ; 2.  Creeping;  3.  Of  Crispation  ; 
4-.  Of  alter nala  contraction  and  Udatalion,^ 


ftecoUse°of  Sichât  iiecessarily  rejected  the  important  phenomenon  which  is  the 


open  an  artery  in  a living  animal,  to  see  that  the  blood  passes  out 
in  a continuetl  stream  ; in  jets  if  the  artery  be  large,  and  uniform  if 
it  be  small.  Now,  the  action  of  the  heart  not  being  continued,  it  i. 


upon  the  blood. 


generally  known  in  mechanics,  that  every  intermittent  movement  \ 1] 
may  be  transformed  into  a continued  movement,  by  employing  the  \ 


Passage  of  blood  of  the  arteries  into  the  veins.^ 
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tlien,  is  direct,  and  very  easy  : it  is  natural  to  suppose  that  tlie 
heart,  after  having  forced  the  blood  to  the  last  arterial  twigs,  con- 
tinues to  make  it  move  into  the  venous  radicles,  and  even  into  the 
veins.  Harvey,  and  a great  number  of  celebrated  anatomists, 
thought  so.  More  recently,  Bichat  has  been  strongly  against  this 
doctrine  ; he  has  limited  the  influence  of  the  blood  ; he  pretends 
that  it  ceases  entirely  in  the  place  where  the  arteiial  is  dianged 
into  venous  blood,  that  is,  in  the  numerous  small  vessels  that  ter- 
minate the  arteries  and  commence  the  veins.  In  this  place,  ac- 
cording to  him,  the  action  of  the  small  vessels  alone  is  the  cause 
of  the  motion  of  the  blood. 

We  have  already  opposed  this  supposition  in  speaking  of  the 
course  of  the  blood  in  the  veins  : the  same  reasoning  can  be  ap- 
plied perfectly  well  here.  Bichat  says  that  this  action  of  the  ca- 
pillaries consists  of  a sort  of  oscillation,  of  an  insensible  vibration 
of  the  vascular  parietes.  Now,  I ask  how  an  oscillation,  or  an 
insensible  vibration  of  the  sides,  can  determine  the  motion  of  a 
liquid  contained  in  a canal  ? Again,  if  this  vibration  be  insensible, 
who  discovered  it?  We  ought  not  to  confu  e as  impie  question 
by  suppositions  that  are  vague  and  without  proof,  but  to  admit 
the  explanation  that  naturally  presents  itself  to  the  mind,  viz. 
that  the  principal  cause  which  makes,  the  blood  of  the  arteries  pass 
into  the  veins,  is  the  contraction  of  the  heart.  I give  here  some 
more  experiments,®  which  appear  to  render  the  phenomenon  evi- 
dent *. 


• The  author  of  the  most  recent  article  on  the  circulation,  expresses  him- 
self thus  upon  the  subject: — 

We  believe,  tlien,  that  the  arteries  influence  the  circulation,  not  by  an 
action  of  irritability,  such  as  is  observed  in  the  heart  ; not  by  simple  elasti- 
city, but  by  an  action  of  contraction,  which  is  in  some  respect  organic  and  vital. 
This  action  of  contraction  is  greater  in  the  small  arteries  than  in  the  large, 
which  moreover  seem  only  to  develope  a pure  elnsticvy,  and  it  establishes  a se- 
cond cause  of  arterial  circulation.  Without  doubt  the  heart  is  the  princi- 
pal, since  it  is  that  which  improves  the  first  impulse  upon  the  fluid,  and  as 
besides,  in  dilating  the  artery,  it  puts  in  action  its  force  of  elasticity  and  con- 
tractility ; but,  in  fine,  this  latter  ought  also  to  be  taken  into  computation.”—. 
Nouv.  Diet,  de  ^^ed.  v.  320. 

Can  this  language  be  the  language  of  truth  ? 


Passage  of  the 
blood  from 
the  arteries 
into  the  veins. 
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Experiments 
upon  the  pas- 
sage of  the 
blood  from 
arteries  into 
veins. 


Communica- 
tion between 
the  arteries 
and  the  lym- 
phatic vessels. 


Swelling  of 
some  organs 
by  the  accu- 
mulation of 
blood. 


After  having  passed  a ligature  round  the  thigh  of  a dog,  as  I just 
now  described,  that  is,  without  including  the  crural  arteiy  or  vein, 
apply  a ligature  separately  upon  the  vein  near  the  groin,  and  then 
make  a slight  opening  in  this  vessel  : The  blood  will  immediately 
escape,  forming  a considerable  jet.  Then  press  the  artery  between 
the  fingers,  to  prevent  the  arterial  blood  from  reaching  the  mem- 
ber; the  jet  of  venous  blood  will  not  stop  on  this  account,  it  will 
continue  some  instants  ; but  it  will  become  less  and  less,  and  the 
flowing  will  at  last  stop,  though  the  whole  length  of  the  vein  is 
full.  If  the  artery  be  examined  during  the  production  of  these  phe- 
nomena, it  will  be  seen  to  contract  by  degrees,  and  will  become 
completely  empty.  The  blood  of  the  vein  then  stops  : and  at  this 
period  of  the  experiment,  if  you  cease  to  compress  the  artery,  the 
blood  injected  by  the  heart  will  enter,  and  as  soon  as  it  has  ar- 
rived at  the  last  divisions,  will  begin  to  flow  again  at  the  opening 
of  the  vein,  and  by  little  and  little  the  jet  will  be  established  as 
before. 

Now,  compress  the  artery  anew  until  it  has  emptied  itself,  then 
let  the  arterial  blood  enter  it  slowly  : in  this  case  the  flowing  of 
the  blood  will  take  place,  but  there  will  be  no  jet  until  the  artery 
is  entirely  free.  Analogous  results  will  be  obtained  in  throwing  an 
injection  of  tepid  water  into  the  artery,  in  place  of  letting  the  blood 
into  it  ; the  greater  the  force  is  with  which  the  injection  is  thrown, 
the  liquid  will  pass  the  quicker  through  the  vein. 

In  speaking  of  the  lymphatic  vessels,®  I said  that  they  commu- 
nicate with  the  arteries,  and  that  injections  easily  pass  from  the  one 
to  the  other  ; this  communication  becomes  still  more  evident  when 
some  saline  or  colouring  substance  is  injected  into  the  veins  of  a 
living  animal.  I have  ascertained  several  times  that  these  substan- 
ces pass  into  the  lymphatics  in  less  than  two  or  three  minutes,  and 
that  it  is  easy  to  demonstrate  their  presence  in  the  lymph  that  is 
extracted  from  these  vessels. 

As  long  as  the  veins  that  proceed  from  the  organs  are  free,  the 
blood  that  arrives  in  them  by  the  arteries  traverses  their  parenchy- 
ma, and  does  not  accumulate  in  them  ; but  if  the  veins  are  com- 
pressed, or  cannot  empty  themselves  of  the  blood  that  they  con- 
tain, the  blood  always  arriving  by  the  arteries,  and  finding  no 
place  in  the  veins,  accumulates  in  the  tissue  of  the  organ,  distends 
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the  bloodvessels,  and  augments  more  or  less  its  volume,  particular- 
ly if  its  physical  properties  can  undergo  these  changes.  This  phe- 
nomenon may  be  observed  in  many  organs  ; but  as  it  is  more  ap- 
parent in  the  brain,  it  has  been  oftener  remarked  there. 

This  swelling  of  the  brain,  by  the  difficulty  of  the  circulation, 
happens  every  time  that  the  flowing  of  the  blood  is  more  difficult 
in  the  lungs  ; and  as  that  generally  takes  place  in  the  expiration, 
the  brain  swells  in  this  instant,  so  much  more  in  proportion  as  the 
expiration  is  more  complete  and  of  longer  continuation.  The  swell- 
ing is  more  marked  in  young  animals,  in  which  the  brain  receives  a 
greater  proportion  of  arterial  blood. — [See  influence  of  inspiratory 
and  expiratory  muscles  upon  the  motion  of  the  blood,  below,  p.  435.) 

Remarks  on  the  movements  of  the  heart. 

A.  The  right  auricle  and  ventricle,  and  the  left  auricle  and  ven- 
tricle, the  action  of  which  we  have  studied  separately,  in  reality 
form  only  one  organ,  which  is  the  heart. 

The  auricles  contract  and  dilate  together:  the  same  thing  takes 
place  with  the  ventricles,  whose  movements  are  simultaneous. 

When  the  contraction  of  the  heart  is  spoken  of,  that  of  the  ven- 
tricles is  understood.  Their  contraction  is  called  systole,  their  dila- 
tation diastole. 

The  contraction  of  the  auricles  is  generally  rapid  and  sudden  : 
and  often  takes  place  twice  for  one  contraction  of  the  ventricles. 

Their  dilatation  is  slower,  because  it  depends  on  the  arrival  of  the 
blood  from  the  venae  cavae,  or  pulmonales  ; but  if  these  veins  are 
full,  the  blood  hurries  into  the  auricles,  and  distends  them  with  ra- 
pidity. The  effort  of  the  sanguineous  columns,  which  endeavour 
to  introduce  themselves  into  the  auricles,  is  sometimes  so  great, 
that  all  contraction  ceases  in  the  auricular  parietes,  and  their  elas- 
ticity only  is  put  in  action.  I have  often  seen  this  phenomenon 
in  animals,  and  I have  ascertained  that  the  same  thing  also  takes 
place  in  man.  Here,  as  in  many  other  cases,  elasticity  is  advan- 
tageously substituted  for  contractility. 

B.  Every  time  that  the  ventricles  contract,  the  whole  of  the  heart  Motion  of 
is  rapidly  carried  forward,  and  the  point  of  this  organ  strikes  the 

left  lateral  side  of  the  chest,  opposite  the  interval  of  the  sixth  and 
seventh  true  ribs.*'' 
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Number 
of  the  mo- 
tions of 
the  heart 
iu  a minute. 


This  motion  forward  of  the  heart  in  the  systole,  has  given  place 
to  a long  and  violent  controversy  : some  pretended  that  the  heart 
became  short  by  contraction  ; others  pretended  that  it  was  pro- 
longed, and  that  it  necessarily  must  be  so,  because  without  that  it 
could  not  strike  the  side  of  the  thorax,  since  it  is  distant  from  it 
more  than  an  inch  in  the  diastole.  A great  number  of  animals  were 
sacrificed  to  no  purpose,  in  order  to  study  the  movement  of  the 
heart  ; at  the  same  instant  to  some  it  was  shortened,  to  others  it 
was  prolonged.  What  could  not  be  explained  by  experiments,  was 
done  by  very  simple  reasoning.  Bassuel  entered  into  the  dispute, 
and  showed,  that  if  the  heart  was  prolonged  in  the  systole,  the 
mitral  and  tricuspid  valves,  kept  down  by  the  fleshy  columns,  could 
not  shut  the  auriculo-ventricular  openings. 

The  partisans  of  the  prolongation  did  not  persist  any  longer  ; 
but  it  remained  to  be  shown  how,  in  the  shortening  of  the  ven- 
tricles, the  heart  could  be  carried  forward. 

Senac  showed  that  this  depended  on  three  causes:  1st,  the  dila- 
tation of  the  auricles,  which  takes  place  during  the  contraction  of 
the  ventricles  ; 2d,  the  dilatation  of  the  aorta  and  the  pulmonary 
artery,  by  the  introduction  of  the  blood  from  the  ventricles  ; 3d, 
the  straightening  of  the  arch  of  the  aorta  by  the  effect  of  the  con- 
traction of  the  left  ventricle. 

C.  The  number  of  the  pulsations  of  the  heart  is  considerable  ; 
it  is  generally  greater  in  proportion  as  the  person  is  younger. 


At  birth  it  is  from 

to 

140  in  a minute. 

At  one  year 

to 

130 

At  two  years 

to 

110 

At  three  years 

to 

100 

At  seven  years 

to 

90 

At  fourteen  years 

80 

to 

85 

At  adult  age 

to 

80 

At  first  old  age 

to 

75 

At  confirmed  old  age 

CO 

to 

65 

But  these  numbers  vary  according  to  an  infinity  of  circumstan- 
ces, sex,  temperament,  disposition,  &c. 

The  affections  of  the  mind  have  a great  influence  upon  the  rapi- 
dity of  the  contractions  of  the  heart  : every  one  knows,  that  even 
a slight  emotion  immediately  modifies  the  contractions,  and  gene- 
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rally  accelerates  them.  In  this  respect  great  changes  take  place 
also  by  diseases. 

D.  Many  researches  have  been  made  to  determine  with  what  Force  with 

^ ^ ^ which  the 

force  the  ventricles  contract.  In  order  to  appreciate  tliat  of  the  ventricle 

‘ ^ ^ ^ contracts. 

left  ventricle,  an  experiment  has  been  made,  which  consists  in 
crossing  the  legs,  and  placing  upon  one  knee  the  ham  of  the  other 
leg,  with  a weight  of  .05  pounds  appended  to  the  extremity  of  the 
foot.  This  considerable  weight,  though  placed  at  the  extremity 
of  such  a long  lever,  is  raised  at  each  contraction  of  the  ventricle,  on 
account  of  the  tendency  to  straighten  the  accidental  curvature  of  the 
popliteal  artery,  produced  when  the  legs  are  crossed  in  this  manner. 

This  experiment  shows  that  the  force  of  contraction  of  the  heart 
is  very  great  ; but  it  cannot  give  the  exact  value  of  it.  Mechani- 
cal physiologists  have  made  great  efforts  to  express  it  in  nunjbers. 

Borelii  compares  tlie  force  wliich  keeps  up  the  circulation  to  that 
which  would  be  necessary  to  raise  180,000  pounds  ; Hales  believes 
it  to  be  51  pounds  5 ounces  ; and  Keil  reduces  it  to  from  15  to  8 
ounces.  Where  shall  we  find  the  truth  in  these  contradictions  ? 

It  seems  impossible  to  know  exactly  the  force  developed  by  the 
heart  in  its  contraction  ; for  it  must  vary  according  to  numerous 
causes,  such  as  age,  the  volume  of  the  organ,  the  size  of  the  indi- 
vidual, the  particular  disposition,  the  quantity  of  blood,  the  state 
of  the  nervous  system,  the  action  of  the  organs,  the  state  of  health 
or  of  sickness,  &c. 

All  that  has  been  said  of  the  force  of  the  heart  relates  only  to  Dictation  of 

. . . 1 • 1 . I . 1 • 1 1 ■ heart  not  an 

Its  contraction,  its  dilatation  having  been  considered  as  an  active  active  opera- 
phenomenon  ; and  I have  myself  professed  that  opinion.  At  the 
present  moment  I am.  not  disposed  to  it  ; in  studying  anew  with 
care  the  dilatation  of  the  heart,  it  appears  to  me  that  contraction 
compresses  the  fibres  of  that  organ,  that  their  elasticity  is  put  in 
action  under  that  influence,  and  that  as  soon  as  it  ceases,  the 
fibres  resume  their  natural  length  with  a force  equivalent  to  that 
with  which  they  had  been  compressed  ; a phenomenon  of  that 
kind,  as  we  have  seen,  is  developed  immediately  after  the  contrac- 
tion of  a fasciculus  of  muscular  fibres  from  the  galvanic  current. 

To  this  mechanical  cause  of  the  dilatation  of  the  heart  must  be 
added,  for  the  auricles,  the  effort  of  the  column  of  blood  which  tends 
to  introduce  itself  into  their  cavity,  and  which,  without  doubt,  is 
the  most  powerful  cause  of  the  separation  of  their  parietes  from 
each  other.  For  the  ventricles,  account  must  be  taken  of  the  con- 
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traction  of  the  auricles  : which  push,  with  more  or  less  force,  the 
blood  into  their  cavities.  The  contraction  of  the  right  ventricle, 
therefore,  by  the  intervention  of  the  pulmonary  artery  and  veins, 
is  one  of  the  causes  of  the  dilatation  of  the  left  auricle.  The  con- 
traction of  the  left  ventricle  contributes  likewise  to  the  dilatation 
of  the  right  auricle,  by  the  interposed  blood,  which  fills  the  arteries 
and  the  veins.  Finally,  the  contraction  of  each  auricle  contributes 
to  enlarge  the  ventricle  upon  which  it  terminates. 

E.  Hie  heart  moves  from  the  first  days  of  existence  of  the  em- 
bryo to  the  instant  of  death  in  decrepit  old  age. 

But  why  does  it  move  ? This  question  bas  been  asked  by  ancient 
and  modern  philosophers  and  physiologists.  The  ‘wherefore  of 
phenomena  is  not  easily  to  be  given  in  physiology  ; almost  always 
what  is  taken  for  such,  is  only,  in  other  terms,  the  expression  of 
the  phenomena  ; but  it  is  remarkable  how  easily  we  deceive  our- 
selves in  this  respect  : one  of  the  strongest  proofs  of  it  is  afforded 
by  the  different  explanations  of  the  motion  of  the  heart. 

The  ancients  said  that  there  was  a pidsific  virtue  in  the  heart, 
a concentrated  fire,  that  gave  motion  to  this  organ.  Descartes 
imagined  that  an  explosion  as  sudden  as  that  ofi  gunpowder  took 
place  in  the  heart.  The  motion  of  the  heart  was  afterwards  attri- 
buted to  the  animal  spirits,  to  nervous  fluid,  to  the  soul,  to  the 

preses  of  the  nervous  system*,  to  the  archeus  : Haller  considered  it 
as  an  effect  of  irritability.  Lately,  M.  Legallois  has  endeavoured 
to  prove  by  experiments,  that  the  piinciple  or  cause  of  the  motion 
of  the  heart  has  its  seat  in  the  spinal  marrow. 

These  experiments  of  M.  Legallois  consist  in  destroying  by  de- 
grees the  spinal  marrow  in  living  animals,  by  the  introduction  of  a 
Experiments  metallic  rod  into  the  vertebral  canal. 

upmfthe'mo-  The  result  is,  that  the  force  with  which  the  left  ventricle  con- 
heart.  tracts,  diminishes  according  as  the  destruction  of  the  marrow  pro- 
ceeds, and  when  it  is  completely  destroyed,  the  heart  has  no  longer 
sufficient  force  to  keep  up  the  circulation,  and  to  press  the  blood 
to  the  extremities  of  the  members. 

M.  Legallois  has  concluded,  from  these  experiments,  which  have 
been  multiplied  and  varied  in  a very  ingenious  manner,  that  the 
cause  of  the  motion  of  the  heart  is  in  the  spinal  marrow  : and,  as 


VVepfer,  Praeses  systematis  nervosi. 
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it  was  remarked  to  him  tl)at  this  organ  contracts  long  after  the  com* 
plete  destruction  of  the  marrow,  and  that  its  motions  even  continue 
regularly  long  after  it  had  been  completely  separated  from  the  body, 

M.  Legallois  replied,  that  these  motions  were  not  the  real  contrac- 
tion of  the  heart,  but  only  an  effect  of  the  irritability  of  the  organ. 

In  order  to  have  this  explanation  admitte^l,  M.  Legallois  should 
have  shown  by  experiments,  in  what  the  irritability  of  muscular 
fibres  differs  from  their  contraction  : this  important  distinction  not 
being  established,  nothing,  in  my  opinion,  can  be  concluded  from  the 
interesting  labours  of  M.  Legallois,  except  that  the  spinal  marrow 
has  an  influence  upon  the  contraction  of  the  heart  ; but  we  cannot 
thence  deduce  that  this  is  the  cause  of  the  motion  of  the  heart. 

The  organs  that  transmit  the  influence  of  the  spinal  marrow,  and 
of  the  brain,  to  the  heart,  are  nervous  filaments  proceeding  from 
the  eighth  pair  ; and,  perhaps,  a great  number  of  threads  of  the  cer- 
vical ganglions  of  the  great  sympathetic  nerves  *. 

I have,  at  different  times,  endeavoured  to  determine  by  the  ex-  influence  of 
tractiorl  of  the  cervical  ganglions,  and  even  by  the  first  thoracic,  u'jfonThem'o- 
what  was  the  action  of  the  ganglions  upon  the  motion  of  the  heart,  hearu^ 
but  obtained  nothing  satisfactory  ; the  animals  almost  all  died  in 
consequence  of  the  wound  inevitable  in  so  laborious  an  operation. 

I never  remarked  any  direct  influence  produced  upon  the  heart. 

Remarks  upon  the  circular  motion  of  the  blood,  or  the  circulation. 

We  now  know  all  the  links  of  the  circular  chain  that  the  sangui- 
ferous system  exhibits  : we  know  how  the  blood  is  carried  from 
the  lungs  towards  all  the  other  parts  of  the  body,  and  how  it  re- 
turns from  these  parts  to  the  lungs.  Let  us  examine  these  pheno- 
mena in  a general  manner,  in  order  to  point  out  the  most  important. 

A.  The  quantity  of  blood  contained  in  the  system  is  very  con-  Total  quan- 
siderable.  It  has  been  estimated  by  several  authors  at  from  24  to 


• H is  results,  indeed,  have  been  entirely  nullified  by  the  experiments  of 
Drs  Philip  and  Hastings.  By  these  it  distinctly  appears,  that  the  influence 
over  the  heart  which  M.  I.egallois  found  to  be  manifested  during  operations 
which  crushed  the  spinal  chord,  may  also  be  made  to  appear  upon  crushing 
the  mass  of  the  brain  in  a similar  manner  ; whilst  demolition  of  either  of 
these  organs  by  section  produces  no  such  efiTects. — Ta, 
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30  pounds.  Tliis  value  cannot  be  at  all  exact,  for  the  quantity  of 
blood  varies  according  to  numerous  causes. 

bot'yTnrcia-'  Youtl)  and  infancy  must  Iiave  more  blood  than  advanced  age  ; 

tuyo'f  blood  ^lore  tlian  probable  lliat  full  individual.s,  whose  system  is  tho- 
roughly developed,  and  life  active,  have  more  blood  than  weak  per- 
sons, whose  body  is  meagre  ; just  as  those  named  plethoric,  suiijert 
to  bleedings  from  the  nose  and  hemorrhoids,  ought  also,  according 
to  all  those  appearances,  to  have  a more  considerable  dose  of  blood 
than  those  persons  who  do  not  exhibit  the  same  disposition. 

Experiments  which  I liave  made  upon  animals,  have  yielded  re- 
sults very  similar  to  these  conjectures  respecting  man.  A dog  of 
the  middle  size  only  furnished,  by  a rapid  hemorrhage  which  pro- 
duced his  death,  about  a pound  of  blood,  if  he  were  lean  and  feeble  : 
if  he  be  vigorous,  and  in  good  condition,  he  may  aftbrd  more  than 
double  this  quantity. 

We  possess  some  data  as  to  the  proportion  of  the  arterial  blood  to 
venous.  The  latter  contained  in  vessels,  of  which  the  total  capa- 
city is  superior  to  that  of  the  arteries,  is  necessarily  more  abundant, 
without  our  being  able  to  say  exactly  how  much  its  mass  is  more 
consideral)le  than  that  of  the  arterial  blood. 

Volume  of  or-  B.  The  volume  of  the  organs  and  of  that  of  the  whole  body  is 

gans  in  j)ro-  ^ ^ ° ^ ...  ^ 

onhe’bioo!?*  generally  in  relation  to  the  quantity  of  the  liquid  which  circulates. 

Iversons  remarkable  by  the  considerable  dimensions  of  their  bodies, 
present  an  enormous  quantity  of  blood  ; as  it  is  easy  to  ascertain, 
by  the  frequent  bleeding  which  they  bear  in  certain  diseases,  and 
by  the  examination  of  their  bloodvessels  after  death.  In  such  per- 
sons, the  aorta  and  its  divisions,  and  the  venous  system,  are  some- 
^ times  two  or  three  times  more  capacious  than  the  same  organs  in  a 
person  of  the  same  size,  but  of  a moderate  corpulence.^ 

In  living  animals  the  dimensions  of  several  organs  may  be  aug- 
mented at  pleasure.  Take,  for  instance,  the  three  dimensions  of 
the  spleen  of  a dog  ; then,  the  abdomen  being  laid  open,  inject  a 
pint  of  blood  into  his  veins  : the  spleen  will  be  seen  gradually  to 
enlarge,  and  to  have  acquired,  at  the  end  of  the  injection,  one-third, 
or  one-half  above  its  former  dimensions. 

Relation  of  Make  now  the  opposite  experiment:  after  having  measured  the 

volume  of  ^ ^ • i i i i • t*  ■ - 

spleen  to  that  magnitude  of  the  spleen  of  an  animal,  bleed  it  to  fainting,  and  you 

of  the  blood.  ^ ...in-  • i 

will  see  the  spleen  dimmish  sensibly  in  bulk,  in  proportion  as  the 
blood  flows.  Analogous  observations  may  be  made  upon  the 
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liver  ; but  as  the  tissue  of  this  organ  is  less  extensible  than  that  of 
the  spleen,  the  changes  of  volume  are  less  marked. 

It  is  easy  to  ascertain,  that  the  length  of  the  intestinal  canal, 
and  the  thickness  of  its  parietes,  are  also  in  proportion  to  the  blood  pfètiioric'sub- 
which  circulates  in  them.  In  robust,  vigorous,  plethoric  subjects, 
in  which  the  abdomen  is  strongly  developed,  the  intestines  have 
very  thick  parietes,  a large  cavity,  and  a length  perhaps  exceeding 
39y  feet  : in  the  meagre,  whose  belly,  instead  of  projecting,  is 
actually  hollow,  the  parietes  of  tlie  digestive  canal  are  thin,  the 
cavity  narrow,  and  the  whole  length  sometimes  not  exceeding  16^ 
feet.  Analogous  observations  might  easily  be  made  upon  the 
skin. 

C.  What  has  been  said  of  the  dimensions  of  the  spleen  with 
regard  to  the  volume  of  blood,  is  calculated  to  throw  some  light 
upon  the  functions  of  that  singular  organ.  According  to  what  we 
have  said,  the  spleen  is  a true  reservoir  with  elastic  walls,  which 
presses  constantly  upon  the  blood  whicrh  it  contains,  and  which 
tends  to  make  it  pass  into  the  system  of  the  vena  portæ. 

The  stnall  thickness  and  elasticity  of  the  walls  of  that  vein,  the  influence  of 
absence  of  valves  in  its  interior,  must  easily  permit  the  blood,  circulation? 
pressed  forward  by  the  spleen,  to  enter  it  The  spleen  must  expel 
the  blood  which  it  contains  the  more  easily,  because  not  only  is  it 
very  elastic,  and  thus  physically  tending  to  contract  upon  itself,  but 
it  is  besides  endowed  with  a contractile  force  of  a peculiar  nature, 
and  which  is  rendered  manifest  under  the  influence  of  certain  sub- 
stances ; nux  vomica,  for  example. 

The  relation  of  the  mass  of  the  arterial  with  that  of  the  venous 
blood,  is  somewhat  better  known.  This  last,  contained  in  vessels 
larger  than  that  of  the  arteries,  is  necessarily  in  greater  quantity, 
though  we  cannot  say  exactly  how  much  greater  its  mass  is  than 
that  of  the  arterial  blood, 

D.  The  circulatory  path  of  the  blood  being  continuous,  and  the  Rapidity  of 
capacity  of  the  canal  variable,  the  rapidity  of  this  fluid  must  be  îhe biood.“ 
variable  also  : for  the  same  quantity  must  pass  through  all  the 

points  in  a given  time  : observation  confirms  this.  The  rapidity 
is  great  in  the  trunk,  and  the  principal  divisions  of  the  pulmonary 
artery  and  aorta  ; it  diminishes  much  in  the  secondary  divisions  ; 
it  diminishes  still  more  at  the  instant  of  the  passage  from  the  ar- 
teries into  the  veins  : it  continues  to  augment  in  proportion  as  the 


430 


COMPENDIUM  OF  PHYSIOLOGY. 


blood  passes  from  the  small  roots  of  the  veins  into  larger  roots,  and 
lastly  into  the  large  veins  ; but  the  rapidity  is  never  so  great  in  the 


Different  venæ  cavæ  as  in  the  aorta.  In  the  trunks,  and  the  principal  arte- 


the  influence  of  the  contraction  of  the  arteries,  but  besides,  it  flows 
in  jerks,  by  the  effect  of  the  contraction  of  the  ventricles.  This 
jerking  manifests  itself  in  the  arteries  by  a simple  dilatation  in  those 
that  are  straight,  and  by  a dilatation  and  tendency  to  straighten  in 
those  which  are  flexuous. 


Of  the  pulse.  The  pulse  is  formed  by  the  first  of  these  phenomena,  to  which 


the  second  is  sometimes  joined.  It  is  not  easy  to  study  this,  in  man, 
or  in  the  animals,  except  where  the  arteries  are  laid  close  upon  a 
bone,  because  they  do  not  then  retire  from  under  the  finger  when 
it  is  placed  upon  them,  as  happens  to  arteries  in  soft  parts. 


contraction  of  the  left  ventricle,  its  quickness,  its  intensity,  its 
weakness,  its  regularity,  its  irregularity.  The  quantity  of  the  blood 
is  also  known  by  the  pulse.  If  it  be  great,  the  artery  is  round,  thick, 
and  resisting.  If  the  blood  be  in  small  quantity,  the  artery  is  small 
and  easily  compressed.  Certain  dispositions  in  the  arteries  have 
an  influence  also  upon  the  pulse,  and  may  render  it  different  in  the 
principal  arteries. 


Supposed  in-  The  beatinff  of  the  arteries  is  necessarily  felt  in  the  organs  which 

fluence  of  the  ® ° _ 

pulsation  of  are  next  them,  and  so  much  more  in  proportion  as  the  aiteries  are 

the  arteries  * ‘ 

Sonoforgan-  voluminous,  and  as  the  organs  give  way  with  less  facility. 


The  jerk  which  they  undergo  is  generally  considered  as  favourable 
to  their  action,  though  no  positive  proof  of  this  exists. 

In  this  respect  none  of  the  organs  ought  to  be  more  affected 
than  the  brain.  The  four  cerebral  arteries  unite  in  circles  at  the 
base  of  the  skull,  and  raise  the  brain  at  each  contraction  of  the 
ventricle,  of  which  we  may  easily  be  convinced,  by  laying  bare  the 
brain  of  an  animal,  or  by  observing  this  organ  in  wounds  of  the 
head.  Probably,  the  numerous  angular  bendings  of  the  internal  caro- 
tid arteries,  and  of  the  vertebrals  before  their  entrance  into  the  skull, 
are  useful  for  moderating  this  agitation  ; these  bendings  must  also 
necessarily  retard  the  course  of  the  blood  in  the  same  vessels. 

When  the  arteries,  still  large,  penetrate  into  the  parenchyma 
of  the  organs,  as  the  liver,  the  kidneys,  &c  , the  organ  must 
also  receive  a jerk  at  each  contraction  of  the  heart.  The  organs 


of  the  blood. 


In  general,  the  pulse  indicates  the  principal  modifications  of  the 
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into  which  the  vessels  enter  after  being  divided  and  subdivided, 
can  suffer  nothing  similar. 

E.  From  the  lunos  to  the  left  auricle  the  blood  is  of  the  same  Nature  of  the 

° ^ ^ , blood  m the 

nature  ; however,  it  sometimes  happens  that  it  is  not  the  same  in  different  parts 

^ ‘ ^ ^ .01  the  circle 

the  four  pulmonary  veins.  (Exper.  of  Leg^allois.)  For  instance, 
the  substance  of  one  lung  be  so  altered  by  disease,  that  the  air  can- 
not penetrate  into  the  lobules,  the  blood  which  traverses  them  will 
not  be  changed  from  venous  to  arterial  blood  ; it  will  arrive  at  the 
heart  without  having  undergone  this  mutation  ; but  in  its  passage 
through  the  left  cavities  it  will  be  intimately  mixed  with  that  of 
the  lung  opposite.  The  blood  is  necessarily  homogeneous  from  the 
left  ventricle  to  the  last  divisions  of  the  aorta;  but,  being  arrived 
at  these  small  divisions,  its  elements  separate  ; at  least  there  exists 
a great  number  of  parts,  such  as  the  serous  membranes,  the  cellu- 
lar tissue,  the  tendons,  the  aponeuroses,  the  fibrous  membranes, 

&c.  into  which  the  red  part  of  the  blood  is  never  seen  to  penetrate, 
and  the  capillaries  of  which  contain  only  serum. 

This  separation  of  the  elements  of  the  blood  takes  place  only  in  separation  of 

* ^ * the  dcmcrils 

a state  of  health;  when  the  parts  that  I have  mentioned  become  of  the  blood 
diseased,  it  often  happens  that  their  small  vessels  contain  blood,  laries. 
possessed  of  all  its  characteristic  properties. 

There  have  been  endeavours  to  explain  this  singular  analysis  of 
the  blood  by  the  small  vessels.  Boerhaave,  who  admitted  several 
sorts  of  globules  of  different  sizes  in  the  blood,  said,  that  globules 
of  a certain  largeness  could  only  pass  into  vessels  of  an  appropriate 
size  : we  have  seen,  that  globules,  such  as  they  were  admitted  by 
Boerhaave,  do  not  exist. 

Bichât  believed  that  there  existed  in  the  small  vessels  a particu- 
lar sensibility,  by  which  they  admitted  only  the  part  of  the  blood 
suitable  to  them.  We  have  already  frequently  contested  ideas  of 
this  kind  ; neither  can  they  be  admitted  here,  for  the  most  irritat- 
ing liquids  introduced  into  the  arteries  pass  immediately  into  the 
veins,  without  any  opposition  to  their  passage  by  the  capillaries. 

F.  One  of  the  most  singular  ideas  to  which  the  warm  imagina-  Effect  of  gra- 
tion  of  physiologists  have  given  birth,  is,  that  living  bodies  are  not  ture  upo^the 
subject  to  mechanical  laws,  and  that  life  is  in  constant  opposition 
to  these  laws  : as  if  such  an  opposition  were  possible,  or  that  one 
phenomenon  could  be  opposed  to  another  phenomenon. 

For  this  reason,  however,  which  plain  common  sense  at  once 
rejects,  the  influence  of  gravity,  and  consequently  that  of  the  dif- 
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Elements  of 
the  blood  tha 
escape  from 
the  small 
vessels. 


ferent  positions  of  the  body  upon  circulation,  have  been  but  little 
studied  : still  there  is  no  doubt  that  this  influence  exists,  and  that 
it.  is  very  powerful.  Medical  and  surgical  empiricism  is  compelled 
to  acknowledge  it  in  a multitude  of  cases  ; it  is  rendered  perfectly 
evident,  tliat  the  blood  moves  with  more  difficulty  when  its  course 
is  against  the  direction  of  its  own  gravity  : whilst  that  fluid  both 
arrives  and  remains  more  easily  in  parts  into  which  it  has  been 
carried  by  its  proper  weight. 

During  sleep,  and  in  the  horizontal  position,  the  blood  is  direct- 
ed towards  the  head  in  a quantity  more  or  less  considerable.  A 
young  physician,  M.  Bourdon,  has  remarked  of  himself,  that  when 
lying  upon  one  side,  the  blood  is  accumulated  in  the  most  depend- 
ent ])arts  of  the  head,  distends  the  pituitary  membrane  of  that  side, 
and  intercepts  the  passage  of  the  air  by  the  corresponding  nostril  ; 
and  that  by  turning  upon  the  opposite  side,  the  nose,  previously 
obstructed,  becomes  free,  whilst  that  which  has  become  the  most 
dependent  presents  the  phenomena  just  described. 

Thus  the  powers  which  impel  the  blood,  have  often  to  overcome 
the  effects  of  the  gravity  of  that  fluid  ; so  that  universal  gravitation 
exerts  a remarkable  influence  upon  circulation.  This  fact  merits 
the  attention  of  physicians,  for  whenever  the  functions  are  the 
least  deranged,  the  effects  of  the  mechanical  laws  become  more 
manifestly  perceived. 

G.  The  elements  of  the  blood  separate  in  traversing  the  small 
vessels  ; sometimes  the  serum  escapes,  and  spreads  upon  the  sur- 
face of  a membrane  ; sometimes  the  fatty  matter  is  deposited  in 
cells;  here  the  mucus,  there  the  fibrin  ; elsewhere  are  the  foreign 
substances,  which  were  accidentally  mixed  with  the  arterial  blood. 
In  losing  these  different  elements,  the  blood  assumes  tbe  qualities 
of  venous  blood.  At  the  same  time  that  the  arterial  blood  supplies 
these  loses,  the  small  veins  absorb  the  substances  with  which  they 
are  in  contact.  In  the  intestinal  canal,  for  example,  they  absorb 
the  drinks  ; on  the  other  hand,  the  lymphatic  trunks  pour  the 
lymph  and  the  chyle  into  the  venous  system  ; it  is  certain,  then, 
that  the  venous  blood  cannot  be  homogeneous,  and  that  its  com- 
position must  be  variable  in  the  different  veins  ; but  having  reached 
the  heart,  by  the  motions  of  the  right  auricle  and  ventricle,  and  the 
disposition  of  the  fleshy  columns,  the  elements  all  mix  together,  and 
when  they  are  completely  mixed,  theypass  into  the  pulmonary  artery. 

2 » 
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H.  It  is  a general  law  of  the  economy,  that  no  organ  continues 
to  act  without  receiving  arterial  blood  ; from  this  it  results,  that  all 
the  other  functions  are  dependent  on  the  circulation  ; but  the  cir- 
culation, in  its  turn,  cannot  continue  without  the  respiration  by 
which  the  arterial  blood  is  formed,  and  without  the  action  of  the 
nervous  system,  which  has  a great  influence  upon  the  rapidity  of 
the  current  of  blood,  and  upon  its  distribution  in  the  organs.  In- 
deed, under  the  action  of  the  nervous  system,  the  motions  of  the 
heart,  and  consequently  the  general  quickness  of  the  course  of  the 
blood,  are  quickened  or  retarded.  Thus,  when  the  organs  act  vo-  influence  of 
luntarily  or  involuntarily,  we  learn  from  observation,  that  they  re-  system  upon 
ceive  a greater  quantity  of  blood  without  the  motion  of  the  gene- 
ral  circulation  being  accelerated  on  that  account , and  if  their  action 
■ predominates,  the  arteries  which  are  directed  to  them,  increase 
considerably.  If,  on  the  contrary,  the  action  diminishes  or  ceases 
entirely,  the  arteries  become  smaller,  and  permit  only  a small 
quantity  to  reach  the  organ.  I’hese  phenomena  are  manifest  in 
the  muscles  : the  circulation  becomes  more  rapid  in  them  when 
; they  contract  ; if  they  are  often  contracted,  the  volume  of  their 
arteries  increases  ; if  they  are  paralysed,  the  arteries  become  very 
! small,  and  the  pulse  is  scarcely  felt. 

The  circulation,  then,  may  be  influenced  by  the  nervous  system 
i in  three  ways  : 1st,  by  modifying  the  motions  of  the  heart  ; 2d,  by 
modifying  the  capillaries  of  the  organs,  so  as  to  accelerate  the  flow- 
ing of  the  blood  in  them  ; 3d,  by  producing  the  same  effects  in  the 
lungs,  that  is,  by  rendering  the  course  of  the  blood  more  or  less 
easy  through  this  organ. 

The  acceleration  of  the  motions  of  the  heart  becomes  sensible  to  instinctive 
us  by  the  manner  in  which  the  point  of  this  organ  strikes  the  walls gifen1)\ire ^ 
of  the  chest.  The  diflflculty  of  the  capillary  circulation  is  disco- 
vered  by  a feeling  of  numbness,  and  a particular  pi  ickling  ; and 
when  the  pulmonary  circulation  is  difficult,  we  are  informed  of  it 
by  an  oppression  or  sense  of  suffocation,  more  or  less  strong. 

Probably  the  distribution  of  the  filaments  of  the  great  sympathe- 
tic on  the  sides  of  the  arteries  has  some  important  use  ; but  this  use 
is  entirely  unknown  ; we  have  received  no  light  on  the  point  from 
any  experiment. 

The  composition  of  the  blood  must  exercise  a great  influence 
upon  the  mode  of  action  of  the  organs,  but  we  have  still  but  very 
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imperfect  notions  respecting  the  chemical  variations  which  that 
fluid  may  undergo.  If  we  rely  on  some  authors  upon  the  blood, 
that  fluid  is  constantly  the  same.  It  is  probable  that  the  progress 
of  animal  analysis  will  in  a short  time  relieve  us  from  these  inac- 
curate notions  ; at  least  some  circumstances  seem  to  announce 
such  a change. 

Introduce  into  the  jugular  vein  of  a dog  some  drops  of  water 
which  has  stood  over  substances  in  a state  of  putrefaction.  An 
hour  after  this  introduction  the  animal  will  look  downcast,  and 
assume  the  recumbent  posture  : he  will  be  attacked  with  ardent 
fever,  will  vomit  up  black  and  fetid  matters  ; his  alvine  evacuations 
will  be  of  the  same  nature  ; his  blood  will  have  lost  the  power  of 
coagulating,  and  will  be  extravasated  into  the  diflferent  tissues  ; in 
short,  death  supervenes  in  a short  time. 

These  phenomena,  which  have  a very  great  analogy  with  certain 
diseases  of  mankind,  such  as  the  black  vomit  of  warm  countries, 
the  yellow  fever,  &c.  appear  to  have  for  their  common  origin  an 
alteration  of  the  chemical  composition  of  the  blood  : I believe  even 
that  I have  remarked,  that  the  dimensions  of  the  globules  diminish 
in  proportion  as  these  accidents  are  developed,  which  corresponds 
with  the  passage  of  the  blood  through  the  walls  of  the  little  vessels, 
and  the  different  hemonhages  thence  resulting.  [Journ.  Phys.  i. 
and  ii.) 

There  is  a mode  of  alteration  which  we  can  easily  appreciate  ; 
the  respective  proportions  of  the  serum  and  crassamentum.  I 
wished  to  see  in  animals  what  would  be  the  effect  of  the  gradual 
diminution  of  the  sound  and  insoluble  portion  of  the  blood.  For 
this  purpose  I chose  a dog  in  good  condition,  and  had  him  bled  to 
eight  ounces  : the  blood,  examined  the  following  morning,  ex- 
hibited but  little  serum,  only  about  an  eighth.  I replaced  the 
blood  drawn,  by  an  injection  of  a half  pound  of  water  at  1 00°  F. 
into  the  jugular  vein  ; the  animal  presented  no  particular  symp- 
tom. On  the  morrow  I repeated  the  bleeding  and  the  injection  : 
the  blood  offered  a one-fourth  of  serum,  and  three-fourths  of  clot. 
Two  days  afterwards  I made  again  both  the  same  detraction  of 
blood,  and  the  same  introduction  of  water,  and  continued  in  the 
same  manner  for  two  days,  in  one  case  to  the  tenth  day  : then 
the  blood  of  the  animal  scarcely  exhibited  one-fourth  part  of 
clot  to  three  of  serum  ; but  the  animal  also  was  become  feeble, 


COMPENDIUM  OF  PHYSIOLOGY. 


435 


moved  himself  with  pain,  and  seemed  to  have  lost  his  instinct,  his 
caressing  habits  ; his  cerebral  faculties  were  diminished,  and  seem* 
ed  stupified  ; in  a word,  he  was  no  longer  the  same  animal. 

There  is  no  doubt,  then,  that  a certain  composition  of  the  blood 
is  one  of  the  most  important  conditions  to  a due  exercise  of  the 
different  functions. 

These  are  the  different  remarks  which  I had  made  upon  this  sub- 
ject, and  which  induced  me  to  make  the  experiment  upon  the  hy- 
drophobic patient  at  the  point  of  death  ; the  introduction  of  about 
a pint  of  water  at  100°  F.  quieted,  as  by  enchantment,  the  state  of 
rage  and  fury  with  which  he  had  been  agitated, — SeeJourn.  Phys. 
ii.  382,  of  the  influence  of  the  inspiratory  and  expiratory  muscles 
upon  the  motion  of  the  blood. 

The  heart,  as  we  have  demonstrated,  is  the  principal  agent  of 
circulation  : in  the  maiority  of  cases,  its  movinsr  power  is  the  only  ments  of  re- 

"I  " o A spiration  up- 

one  which  determines  the  progress  of  the  blood  ; but  there  exist  «n  thecir- 
other  powers  which  often  intervene  with  energy,  and  which  exer- 
cise a great  influence  upon  the  circulation  of  the  blood,  and  even 
sometimes  entirely  suspend  it.  These  powers  are  the  same  as  those 
which  draw  the  air  into  the  chest,  and  expel  it  alternately.^ 

In  the  dilatation  of  the  thorax,  the  blood  of  the  vena  cava  influence  of 
superior,  and  of  the  vena  cava  inferior,  and  by  degrees  that  of  the  of  re.spiration 
other  veins,  is  drawn  towards  the  heart.  The  mechanism  of  this  culation. 
aspiration  is  similar  to  that  which  draws  air  into  the  lungs  ; it  is, 
so  to  speak,  an  inspiration  of  venous  blood  ; on  the  contrary,  du- 
ring expiration,  all  the  pectoral  organs  being  compressed,  the 
venous  blood  is  repulsed,  it  flows  back  in  the  veins  as  far  as  the 
organs  themselves,  and  the  arterial  blood  arrives  at  its  destination 
with  greater  readiness,  because  to  the  pressure  of  the  left  ventricle 
is  added  that  of  the  expiratory  muscles. 

These  various  phenomena  are  little  marked  in  calm  respiration, 

; but  they  become  very  manifest  in  forced  respiration,  or  in  thé 
great  muscular  efforts,  which  are  often  accompanied  by  the  ener- 
getic contraction  of  the  respiratory  powers,  and  of  the  constriction 
of  the  glottis. 

The  knowledge  of  these  facts  results  from  the  labour  of  Haller  *, 

! Lamure  f,  and  Lorry  they  afford  the  means  of  explaining  seve- 


* El.  Phys.  ii.  -}•  Acad.  Scieii.  1749.  Sav.  Etrang.  iii. 
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ral  plienomeua  which  have  much  embarrassed  physiologists.  I 
must  enter  into  some  more  details,  in  consequence  of  the  import- 
ance of  the  subject.  I extract  them  from  a memoir  in  my  jour- 
nal. 


Experiments  If  we  observe  for  some  time  the  external  iugular  vein  of  an  in- 

on  the  infill-  ° 


enceofrespi-  dividual  with  a meagre  neck,  or,  still  better,  if  we  examine  the 

ration  upon  . . . 

circulation,  same  Vein  in  a dog,  it  is  at  once  perceived  that  the  blood  is  moved, 


in  its  cavity,  under  different  influences.  In  general,  when  the 
breast  is  dilated  for  inspiration,  the  vein  is  rapidly  emptied,  be- 
comes flat,  and  its  walls  are  even  sometimes  exactly  applied  to 
each  other.  On  the  contrary,  the  vein  swells,  and  fills  with  blood, 
when  the  chest  is  contracted.  These  effects  become  so  much  more 
marked,  when  the  respiratory  movements  are  more  extended. 
Those  which  depend  upon  expiration  are  much  more  obvious  if 
the  animal  malces  efforts  *.  > 

The  explanation  of  these  phenomena,  as  delivered  by  Haller  and 
Lorry,  is  very  simple,  and  at  first  sight  satisfactory.  When  the 
chest  becomes  dilated,  it  attracts  the  blood  of  the  venae  cavae,  and 
by  degrees,  that  of  the  veins  which  terminate  upon  it.  The  me- 
chanism of  this  aspiration  is  nearly  like  that  by  which  the  air  is 
drawn  into  the  trachea.  When  the  chest  is  contracted,  on  the 
contrary,  the  blood  is  pushed  back  into  the  venae  cavae  by  the  pres- 
sure which  supports  all  the  pectoral  organs,  vessels,  heart,  lungs, 
and  all,  on  the  part  of  the  expiratory  powers,  and  thus  gradually 
arrives  at  the  veins,  which  then  terminate.  Hence  the  alternate 
fulness  and  vacuity  exhibited  by  the  jugular  veins. 


•The  respiratory  motions  are  not  the  only  causes  of  this  motion  of  the|^| 
blood  in  the  jugular  veins.  With  a little  attention  we  find,  that  the  con.J^^ 
tractions  of  the  right  auricle  have  a sensible  influence  upon  it,  which  pro- 
duces  a kind  of  irregular  palpitation  in  the  vessels.  , 

When  the  auricle  contracts,  the  blood  is  repelled  towards  the  head  ; by  its 
dilatation,  on  the  contrary,  the  blood  is  drawn  towards  the  heart.  When  aH 
chance  produces  a coincidence  of  the  dilatation  of  the  chest  and  auricle,  or 
of  the  contractions  of  these  parts,  the  motion  of  the  blood  in  the  jugulars  _ 
is  regular  ; that  is  to  say,  the  vessel  empties  or  fills  itself  abruptly.  But  as  * 
the  movements  of  the  auricle  are  much  more  frequent  than  those  of  the  thorax, 
there  happens  frequently  a defect  of  coincidence  between  them,  and  from  that 
time  the  pulsation  of  the  jugulars  becomes  very  irregular,  a phenomenon  re-  Æ 
markabl  y apparent  in  the  sick,  and  which  Haller  has  named  the  venous  pulse.  ® 
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To  demonstrate  that  tins  phenomenon  is  exactly  m proportion  Effects  of  re- 

.1  . •!  T • 1 1 1 • 1 T • spiratioii  on 

With  a similar  one  which  takes  place  in  the  venæ  cavæ,  1 intro-  circulation, 
duced  a tube  into  the  jugular  vein,  and  made  it  penetrate  as  far  as 
the  venæ  cavæ,  or  perhaps  to  the  right  auricle.  The  blood  was 
then  seen  to  flow  by  the  tube,  only  in  the  moment  of  expiration. 

In  inspiration,  on  the  contrary,  the  air  was  drawn  forcibly  towards 
the  heart,  and  gave  place  to  some  peculiar  accidents,  of  which  we 
shall  afterwards  have  to  speak.  Results  entirely  analogous  are  ob- 
tained, if  we  introduce  the  tube  into  the  crural  vein,  directing  it 
' towards  the  abdomen. 

Thus  no  doubt  remains  respecting  the  modification  induced  by 
respiration  upon  the  circulation  of  the  blood  in  the  large  trunks. 

It  is  at  the  same  time  easy  to  perceive,  by  opening  the  artery  of 
a limb,  for  example,  that  expiration  sensibly  accelerates  the  motion 
of  the  arterial  blood,  particularly  in  great  expirations  or  efforts  ; 
j and  as  we  cannot  produce  at  pleasure  great  expirations  or  efforts 
ii  in  the  animals  subjected  to  experiment,  we  may,  according  to  the 
i practice  of  Lamure,  compress  with  the  hands,  the  sides  of  the 
thorax,  and  thus  behold  the  jet  of  arterial  blood  to  increase  or 
diminish,  in  proportion  to  the  pressure  exerted. 

Since  respiration  produces  this  effect  upon  the  circulation  of  the 
j blood  in  the  arteries,  it  becomes  probable  that  it  may  also  influence 
the  progress  of  venous  blood,  not  merely  by  the  medium  of  the 
veins,  as  we  shall  soon  see,  but  by  means  of  the  arteries.  A con- 
jecture of  this  description  deserves  to  be  submitted  to  experiment. 

1 threw  a ligature,  therefore,  around  one  of  the  jugular  veins  of 
j a dog;  the  vessel  emptied  itself  below  the  ligature,  and  swelled 
■ up  a good  way  above  it,  as  is  constantly  the  case.  I slightly  punc- 
tured with  a lancet  the  distended  portion,  so  as  to  make  a very 
j small  opening  ; and  obtained  in  this  way  a jet  of  blood,  which  was 
not  sensibly  affected  by  the  ordinary  movements  of  respiration  ; 
but  which  was  tripled  and  quadrupled  in  size,  if  the  animal  made 
I an  effort  somewhat  more  vehement  than  usual. 

! It  may  be  objected,  that  the  effect  of  respiration  is  not  transmit- 
j led  by  the  arteries  to  the  open  vein,  but  rather  by  the  veins  which 
still  remained  free  ; and  which  had  transported  the  blood  repidsed 
from  the  venæ  cavæ  towards  the  tied  vein,  by  means  of  anasto- 
I moses:  it  was  easy  to  remove  that  difficulty. 

The  dog  has  not,  like  man,  capacious  internal  jugular  veins, 
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which  receive  the  blood  from  the  interior  of  the  cranium  : in  that 
animal,  the  internal  jugular  vein  is  only  a vestige,  and  the  circu- 
lation of  the  head  and  neck  is  effected  almost  entirely  by  the  ex- 
teinal  jugular  veins,  which  are,  in  fact,  very  large  in  proportion. 
By  tying  these  two  veins  at  once,  I was  very  sure  to  stop,  in  a 
great  measure,  the  reflux  in  question  : but  very  far  from  that  double 
ligature  diminishing  the  phenomenon  of  which  I have  spoken,  the 
jet  became  more  closely  in  proportion  to  the  movements  of  respi- 
ration ; for  it  was  evidently  modified  even  by  the  ordinary  respi- 
ration : which,  as  has  been  seen,  had  no  place  in  the  case  of  a i 
single  ligature.  To  render  the  thing  more  evident,  I saw  that  I 
might  besides  operate  upon  the  crural  vein,  that  vein  and  all  its  ; 
bjanches  being  furnished  with  valves,  which  were  opposed  to  all 
reflux  ; if  the  phenomenon  of  increased  jet  appeared  during  expira- 
tion, we  might  be  very  sure  that  the  impulse  had  come  from  the 
side  of  the  arteries. 

This,  in  fact,  is  what  I have  observed  in  several  experiments. 
The  crural  vein  being  tied  and  punctured  under  the  ligature,  the 
jet  which  was  formed  sensibly  increased  during  great  expirations, 
on  the  efforts  and  mechanical  compressure  of  the  chest  with  the 
hands. 

These  experiments,  as  well  as  the  preceding,  point  necessarily 
to  a notable  change  in  the  explanation  of  the  inflation  of  veins 
during  expiration.  According  to  Haller,  Lamure,  and  Lorry,  this 
inflation  originates  from  the  simple  reflux  of  the  blood  of  the  vena 
cava  into  the  branches  which  mediately  or  immediately  open  into 
it  : but  it  is  clear  that  to  this  must  be  added  the  arrival,  in  the 
vein,  of  a larger  than  the  ordinary  quantity  of  blood  from  the  arte- 
ries. 

The  same  modification  must  be  introduced  into  the  explanation 
of  the  motions  of  the  brain,  connected  with  respiration.  The  in- 
tumescence of  that  organ,  in  the  moment  of  expiration,  must  no 
longer  be  attributed  to  the  sole  reflux  of  blood  in  the  veins  ; nor 
its  subsidence,  in  the  moment  of  inspiration,  to  the  mere  aspira- 
tion of  the  same  fluid  towards  the  breast.  As  an  important  ele- 
ment, account  must  also  be  taken  of  the  influence  of  respiration 
upon  the  progress  of  arterial  blood,  and  upon  that  of  the  venous 
blood,  by  the  interposed  arteries. 

The  phenomenon,  I conceive,  must  be  comprehended  in  the 


COMPENDIUM  OF  PHYSIOLOGY. 


439 


following  manner  : in  the  moment  of  a strona:  respiration  or  effort,  Effects  of 
all  the  organs,  pectoral  and  abdominal,  are  compressed,  the  ai’te- ™^ircuia- 
rial  blood  is  driven  more  peculiarly  into  the  branches  of  the 
ascending  aorta  *.  This  blood  then  comes  to  the  head  in  greater 
abundance,  and  tends  to  pass  more  readily  into  the  veins  which 
lead  it  back  to  the  heart,  which  would  soon  take  place  if  the  veins 
were  free.  But  far  from  this,  the  pressure  exerted  upon  the  pec- 
toral  organs  has  also  caused  the  venous  blood  to  flow  backwards 
in  the  vessels  which  contained  it,  although  this  retrograde  move- 
ment does  not  extend  very  far. 

Notwithstanding,  the  blood  which  flows  back  in  the  veins  soon 
meets  with  the  blood  which  is  coming  from  the  arteries  ; the  ves- 
sel is  distended,  and  the  course  of  the  fluid  in  the  veins  is,  in  ge- 
neral, suspended  ; hence  it  is  quite  clear,  that  the  brain  must  also 
become  swollen  out  and  distended. 

But  what  takes  place  in  the  brain  must  also  take  place  in  other 
organs,  modified  according  to  the  disposition  of  their  vascular 
system  ; the  whole  spinal  marrow  expands  ; the  spleen  becomes 
lengthened  ; the  face  becomes  red  and  tumid  in  crying,  prolonged 
running,  muscular  efiforts,  violent  passions  ; the  veins  of  the  limbs 
become  turgid  under  the  same  cii  cum stances  : and  if  you  require 
a person  you  are  bleeding  to  blow  strongly,  the  jet  of  blood  from 
the  vein  is  sensibly  increased.  A person  aflected  with  a boil  on 
any  member,  or  even  with  a common  whitlow,  suffers  an  acute  pain 
in  the  diseased  part,  if  he  attempts  to  raise  a burden,  run,  cry,  &c. 
All'these  phenomena,  and  many  others  similar,  depend  evidently 
on  the  accumulation  of  blood  in  the  organs,  from  expiration,  which 
propels  thither  the  arterial  blood,  and  opposes  itself  to  the  exit  of 
the  venous  blood. 

It  results  from  these  experiments,  that  one  of  the  consequences 
of  great  expirations  and  violent  efforts,  is  the- suspension  of  circu- 
lation, more  or  less  prolonged  ; a suspension  so  much  the  more 
complete,  as  the  expiration,  or  effort,  is  the  more  violent.  Hence 
probably  the  impossibility  of  maintaining  great  efforts  above  a few 


• The  abdominal  aorta  is  also  compressed,  and  admits  the  blood  with  a 
difficulty  proportioned  to  the  degree  of  pressure  which  it  suffers,  as  Lorry, 
in  the  memoir  cited,  has  well  described. 
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respiration  !•  . i e ii  i 
on  circula-  oiately  tollow  them, 
tion. 

Sev^eral  phenomena  pertaining  to  the  circulation  appear  to  be 
connected  with  the  momentary  stagnation  of  the  blood  in  the  diffe- 
rent tissues  ; the  nasal,  or  other  hémorrhagies,  which  sometimes  fol- 
low a violent  effort  ; the  excessive  perspiration  of  fencei*s  during  their 
exercises  ; the  headachs  which,  in  some  individuals,  instantaneous- 
ly succeed  to  the  act  of  expelling  the  feces  ; the  almost  constant 
erection  observed  in  those  who  suffer  death  by  hanging,  &c. 

It  is  not  necessary,  in  order  to  render  evident  the  effects  of  ex- 
piration, that  the  glottis  be  entirely  shut,  as  several  authors  have 
thought  ; for  considerable  efforts  often  take  place  at  the  same  time, 
with  cries,  composed  of  grave  sounds,  which  allow  of  an  easy  exit 
to  the  expired  air  *. 

«[horsed'"*'  obvious  pi'oof  of  this  occui’s  in  veterinary  practice,  where  a 

metallic  canula,  of  a pretty  large  caliber,  is  introduced  between  the 
thyroid  and  cricoid  cartilage,  of  broken-winded  horses,  for  the  pur- 
pose of  rendering  the  respiration  more  easy.  Notwithstanding 
that  this  passage  is  always  free  for  the  entry  and  exit  of  air  from 
the  lungs,  these  animals  continue,  as  usual,  their  excessive  labour. 
Another  proof  may  be  drawn  from  the  experiments  in  which  the 
sides  of  the  thorax  are  compressed  with  the  hands,  and  the  course 
of  the  arterial  and  venous  blood  by  that  means  accelerated.  In 
that  process  nothing  seems  to  indicate  that  the  glottis  is  shut  at  the 
instant  in  which  the  thorax  is  compressed.  I have,  moreover,  as- 
certained the  same  fact  by  the  following  experiment. 

I made  an  opening  of  more  than  one  inch  in  length,  and  four  to 
five  lines  in  breadth,  in  the  trachea  of  a dog.  I then  tied  one  of 
his  jugular  veins  ; and  I made,  above  the  ligature,  a small  opening, 
by  which  a large  continued  jet  of  venous  blood  was  immediately 
established.  This  jet  was  evidently  augmented  every  time  that  the 
animal  made  efforts,  or  that  I compressed  the  thorax  f . 

• For  a refutation  of  the  theory  of  Carson  as  refined  upon  by  Barry,  see 
the  Translator’s  notes,  and  his  papers  in  Edin,  Journ.  Med.  Sc.  vol.  ii.  p.  462. 
Dr  Johnson’s  Med.  Chir.  Rev.  April  1827,  p.  620. 

-|-  My  associate.  De  Kergaradec,  has  made  upon  himself  the  following  ex- 
periments. They  agree  perfectly  with  the  facts  which  I have  related. 

“ A.  I tied  together  5 weights  of  20  kilogrammes  each,  in  all  2208  pounds 
avoirdupois  Englisli,  by  means  of  a cord,  and  I raised  them  from  the  earth, 
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I must  suggest,  in  concluding  this  article,  that  the  various  phe- 
nomena  described  are  so  much  the  more  apparent,  as  the  quantity  circulation, 
of  blood  is  more  considerable.  If  you  seek  to  study  them  upon  an 
animal  which  has  naturally  but  little  blood,  or  which  has  lost  by 
accident  a large  quantity  of  this  fluid,  you  will  scarcely  be  able  to 
observe  them,  and  may  even  call  their  reality  in  question,  as  has 
been  the  case  with  several  respectable  authors.  But  inject,  in  a 
suitable  proportion,  water  into  the  circulating  system,  and  you  will 
immediately  observe  the  phenomena  become  evident.  This  fact, 
which  I have  several  times  demonstrated  in  the  course  of  my  lec- 
tures, is  important  to  be  known  in  respect  of  the  phenomena  I have 
mentioned  : it  affords,  besides,  a new  proof  of  the  care  with  which 
it  is  necessary  to  note  all  the  physical  circumstances  whenever  we 
are  engaged  in  the  study  of  an  animal  function. 


respiring  and  without  respiring.  In  both  cases  I required  to  assist  myself  by 
pressing  my  bended  elbow  against  my  knees.  It  is  the  maximum  force  which 
I could  employ,  without  imprudence. 

“ B.  In  a balance,  the  scales  of  which  are  supported  by  iron-chains,  I suc- 
cessively placed,  and  raised  from  the  ground,  by  pulling  at  the  other  extre- 
mity of  the  beam,  a weight  of  156  pounds  14i  ounces  2 drams  English  avoir- 
dupois, whilst  I suspended  my  respiration  ; when  I respired,  I could  not  raise 
more  than  156  pounds  6 ounces  2 drams,  or  8 ounces  less  than  the  former. 

“ C.  I placed  between  my  arms  and  my  chest  5 metallic  plates,  weighing 
together  about  89  pounds,  12  ounces,  English  avoirdupois.  It  was  with  great 
diflSculty  I could  raise  them  from  the  ground  while  breathing.  I experien- 
ced, perhaps,  a little  less  difficulty  when  I retained  my  breath,  but  the  dif- 
ference was  nevertheless  but  small. 

“ D.  Planting  my  feet  firmly  against  a solidly  fixed  body,  I pushed  with 
force  a very  heavy  article  of  furniture,  which  a person,  whose  feet  were  equal- 
ly supported,  pushed  back  against  me.  I respired,  and  yet  I was  able  to 
overcome  a very  considerable  resistance. 

“ E.  I laid  hold,  with  my  hands,  of  a body  fixed  at  such  a height  as  I could 
scarcely  reach  without  raising  myself  on  my  toes.  I then  raised  myself  from 
the  earth,  bending  the  arms  upon  the  fore-arm,  till  it  was  necessary  to  inter- 
rupt my  respiration.  I obtained  the  same  result,  whether  I called  in  the  aid 
of  my  knees  to  scramble  up  against  the  plane  near  which  I exercised,  or  rai- 
sed myself  directly,  without  other  means  than  the  contraction  of  the  muscles 
of  the  arm. 

“ F.  I have  ascertained,  that  without  having  recourse  to  the  shutting  of  the 
glottis,  it  is  possible,  in  leaping,  to  arrive  at  a greatperpendicular  height,  or  to 
clear  horizontally  a very  considerable  space.” — See  Bibliolh.  Med.  Dec.  1820. 
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Of  the  transfusion  of  blood,  and  the  infusion  of  medicines. 

Such  is  the  opposition  that  men  of  genius  meet  With  sometimes 
from  their  contemporaries,  that  Harrey  was  thirty  years  before  he 
could  get  his  discovery  admitted,  though  the  most  evident  proofs  of 
it  were  every  where  perceptible  ; but  as  soon  as  the  circulation  was 
acknowledged,  people’s  minds  were  seized  with  a species  of  deli- 
rium : it  was  thought  that  the  means  of  curing  all  diseases  was 
found,  and  even  of  rendering  man  immortal.  The  cause  of  all  our 
evils  was  attributed  to  the  blood  ; in  order  to  cure  them,  nothing 
more  was  necessary  but  to  remove  the  bad  blood,  and  to  replace  it 
by  pure  blood,  drawn  from  a sound  animal. 

The  first  attempts  were  made  upon  animals,  and  they  had  com- 
plete success.  A dog  having  lost  a great  part  of  its  blood,  received, 
by  transfusion,  that  of  a sheep,  and  it  became  well.  Another  dog, 
old  and  deaf,  regained,  by  this  means,  the  use  of  hearing,  and 
seemed  to  recover  its  youth.  A horse  of  twenty -six  yeai's  having 
l’éceived  in  his  veins  the  blood  of  four  lambs,  he  recovered  his 
strength. 

Transfusion  was  soon  attempted  upon  man.  Denys  and  Emerez, 
the  one  a physician,  the  other  a surgeon  of  Paris,  were  the  first 
who  ventured  to  try  it.  They  introduced  into  the  veins  of  a young 
man,  an  idiot,  the  blood  of  a calf,  in  greater  quantity  than  that 
which  had  been  drawn  from  him,  and  he  appeared  to  recover  his 
reason.  A leprosy,  and  a quartan  ague,  were  also  cured  by  this 
means  ; and  several  other  transfusions  wei’e  made  upon  healthy 
persons  without  any  disagreeable  result. 

However,  some  sad  events  happened  to  calm  the  general  enthu- 
siasm caused  by  these  repeated  successes.  The  young  idiot  we 
mentioned  fell  into  a state  of  madness  a short  time  after  the  expe- 
riment. He  was  submitted  a second  time  to  the  transfusion,  and 
he  was  immediately  seized  with  a Hematuria,  and  died  in  a state 
of  sleepiness  and  torpor.  A young  prince  of  the  blood-royal  was 
also  the  victim  of  it.  The  parliament  of  Paris  prohibited  trans- 
fusion. A short  time  after,  G.  Riva,  having,  in  Italy,  performed 
transfusion  upon  two  individuals,  who  died  of  it,  the  Pope  prohibit- 
ed transfusion  also. 


COMPENDIUM  OF  PHYSIOLOGY. 


443 


From  this  period,  transfusion  has  been  regarded  as  useless  and 
even  dangerous  ; however,  as  it  appears  to  have  succeeded  in  cer- 
tain cases,  it  would  be  interesting  if  some  able  person  should  make 
it  the  object  of  a series  of  experiments.  I have  had  the  opportu- 
nity of  making  a considerable  number,  and  I have  not  found  that 
the  introduction  of  the  blood  of  one  animal  into  the  veins  of  ano- 
ther had  any  serious  inconvenience,  even  when,  by  this  means,  the 
blood  is  much  augmented. 

But  in  order  that  transfusions  be  performed  without  inconveni  ■ conditions 

^ ^ necessary  to 

ence,  it  is  necessary  that  the  blood  pass  immediately  from  the  ves- the  success  of 

' •'  ^ ^ transfusion. 

sel  of  the  emittent,  to  that  of  the  recipient  animal.  If  the  blood  be 
received  in  a vessel  or  in  a syringe,  and  then  injected,  it  is  more  or 
less  coagulated,  and  becomes,  from  thenceforth,  a cause  of  death  to 
the  animal  upon  which  the  transfusion  is  made,  because  it  fills  up 
the  pulmonary  arteries.  All  the  experiments  in  which  a scrupu- 
lous notice  has  not  been  taken  of  this  circumstance,  are  of  no  value. 

I have  seen  transfusion  fail,  and  occasion  death,  because  the  blood 
had  to  traverse  a small  tube  of  two  inches  in  length,  in  which  it 
became  coagulated,  in  place  of  passing  into  the  new  circulation  by 
which  it  should  be  received. 

A short  time  after  the  discovery  of  the  circulation,  attempts  were  niedictaes*^ 
made  to  carry  medicines  directly  into  the  veins  ; advantages  arose 
from  it  in  certain  cases,  and  disadvantages  in  others  : this  means 
of  cure  soon  fell  into  disuse  ; but  it  has  been,  and  is  still  employed, 
with  success,  in  experiments  upon  animals.  It  is  an  excellent  ar- 
tifice for  determining  immediately  the  action  of  a medicine,  or  of 
a poison.  It  is  upon  this  plan  that  medicines  are  administered  to 
large  animals  at  the  veterinary  school  of  Copenhagen  ; there  is 
found  in  it  the  advantage  of  a very  rapid  action,  and  a gi'eat  eco- 
nomy in  the  quantity  of  medicines  employed. 

An  American  physician  has  given  the  learned  world  an  exam- 
ple of  laudable  devotion  to  the  progress  of  knowledge.  He  in- 
jected into  his  own  veins  a certain  quantity  of  a purgative  oil  : but 
happily,  chance  put  some  obstacles  in  the  way  of  introducing  the 
liquid,  else  he  had  infallibly  become  a victim  to  his  zeal  for 
science*.  The  quantity  of  oil  introduced,  by  this  author’s  ac- 

• We  have  said  that  viscid  fluids,  as  oil,  cannot  pass  the  pulmonary  capil- 
laries; that  they  stop  the  circulation,  and  produce  immediate  death. — See 
Journ.  Phys.  i. 
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count,  may  be  estimated  at  not  less  than  two  drachms.  During 
the  first  moments  of  the  injection,  Mr  Halls  experienced  nothing 
particular. 

“ The  first  extraordinary  sensation  which  I experienced,”  said 
he,  “ was  a peculiar  feeling,  a taste  of  oil  in  the  mouth.  A little 
after  1 2 o’clock,  whilst  I was  washing  off  the  blood  from  my  arras 
and  hands,  and  was  speaking  in  very  good  humour,  I felt  a little 
nausea,  with  eructations  and  agitation  of  the  intestines,  then  a sen- 
sation, which  it  is  impossible  for  me  to  describe,  seemed  to  mount 
rapidly  up  to  my  head  ; at  the  same  instant,  I felt  a slight  rigidity 
of  the  muscles  of  the  face  and  lower  jaw,  which  interrupted  my  con- 
versation in  the  middle  of  a word,  accompanied  with  a sense  of 
alarm,  and  a slight  syncope  : I sat  down,  and  at  the  end  of  a few 
seconds  I found  myself  somewhat  recovered.  At  a quarter  after 
12,  I still  felt  the  taste  of  oil,  with  a little  dryness  in  the  mouth  : 
1 walked  out  into  the  fresh  air,  which  did  me  good  ; after  having- 
rested  some  minutes,  my  pulse  beat  75  in  the  minute.  At  35  mi- 
nutes past  12,  the  disorder  of  the  bowels  continued  to  increase; 
slight  pains,  as  if  I had  taken  a purgative,  strong  nausea,  stupor  ; 
my  arm  felt  stiff,  which  I attributed  to  the  bandage.  At  45  mi- 
nutes after  12,  the  derangement  of  the  bowels  still  greater,  nausea 
very  urgent,  still  more  of  the  oily  taste,  mouth  less  dry  ; five  mi- 
nutes afterwards,  desire  to  go  to  the  water-closet,  but  without  ef- 
fect, slight  headach.  At  20  minutes  past  1,  the  pain  of  the  bowels 
was  increased,  and  was  now  aggravated  by  pressure.  Call  for 
watei'-closet  urgent,  like  that  produced  by  a purge  ; the  nausea 
continued.  At  2 o’clock  better,  rather  more  nausea  ; constaut  but 
ineffectual  calls  to  the  water-closet  ; they  were  even  repeated  two 
or  three  times  in  the  course  of  the  day.  This  symptom  was  late 
in  disappearing.” 

Mr  Halls  remained  sick  for  nearly  three  weeks,  and  was  long  in 
recovering  his  strength  and  health. 

The  injection  of  medicines  into  the  veins  may  be  regarded  at 
present  as  the  only  efficacious  resource  for  some  extreme  cases,  in 
which  the  ordinary  succours  of  medicine  are  insufficient. 
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Introduction  of  air  into  the  veins. 

I cannot  comprehend  by  what  inadvertency  Bicliat  repeats,  in  Air  in  iiie 
twenty  places  of  his  works,  that  a bubble  of  .air,  entering  acci- 
dentally into  the  veins,  suddenly  produces  death.  Nothing  is 
more  inaccurate  than  that  assertion  ; a person  may  easily  satisfy 
himself  of  this,  by  throwing  air  into  a vein  by  a syringe.  I an- 
nounced that  fact  in  the  year  1809,  in  a memoir  read  to  the  first 
class  of  the  Institute  ; and  since  that  period  Nysten  has  published 
a separate  work  on  the  subject.  He  has  not  only  injected  at- 
mospheric air  into  the  venous  system,  but  even  most  of  the  gases 
known.  He  has  established  that  several  gases,  among  others 
oxygen,  and  carbonic  acid,  which  are  dissolved  in  the  blood,  may  be 
carried  in  the  circulation  in  a very  considerable  quantity  without 
serious  inconvenience  ; and  that,  on  the  contrary,  gases,  little  or 
nothing  soluble  in  the  bloodj  occasion  often  serious  accidents,  or 
death  itself. 

I have  frequently  shown  in  my  lectures  an  important  difference 
which  results  from  the  mode  of  introducing  air  into  the  veins.  If 
it  be  introduced  slowly,  nothing  troublesome  results  ; if  thrown  in 
all  at  once,  the  animal  soon  experiences  a remarkable  acceleration 
of  the  cii'culation  ; a peculiar  noise  is  heai’d  in  the  chest,  the  effect 
of  the  shoclcs  which  the  air  is  subjected  to  in  the  venæ  cavæ,  the 
right  auricle,  the  ventricle,  and  pulmonary  artery.  Immediately 
the  animal  raises  screaming  cries,  and  dies  in  a moment.  The 
opening  of  its  body  shows  that  the  heart,  especially  on  the  right 
side,  the  pulmonary  artery,  &c.  are  strongly  distended  with  air,  or 
with  a light  frothy  blood,  almost  entirely  formed  by  the  gas.  The 
latter  is  found  in  the  cellular  tissue  of  the  lung,  where  it  has  pro- 
duced emphysema  of  that  organ,  and  in  the  arteries  of  all  parts  of 
the  body,  and  particularly  those  of  the  brain  •. 


• Certain  animals  admit  enormous  quantities  of  air  to  be  briskly  intro- 
duced into  their  veins,  without  perishing.  I remember  having  thrown,  with 
all  the  force  and  celerity  with  which  I was  capable,  ‘12  to  50  pints  of  air 
into  the  veins  of  a very  old  horse,  without  his  dying  immediately,  though 
he  sunk  at  last.  In  opening  him,  we  found  the  whole  circulating  system 
full  of  air  mixed  with  blood,  and  what  appeared  striking,  the  lymphatic 
system  distended  with  an  enormous  quantity  of  lymph,  tinged  slightly  yel- 
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These  fatal  effects,  from  the  rapid  introduction  of  air  into  the 
veins,  have  been  seen  several  times  in  man  : in  certain  surgical 
operations,  when  a vein  of  the  neck  was  opened,  in  the  moment 
of  inspiration,  the  external  air  is  drawn  into  the  open  vein,  in  a 
more  or  less  considerable  quantity,  the  noise  of  obstructed  and  agi- 
tated air  is  heard  in  the  heart,  and  the  patient  expires.  Dissection 
exhibits  the  phenomenon  above  described.  A similar  accident  is 
sometimes  observed  in  the  bleedings  which  are  made  from  the  ju- 
gular vein  of  the  horse,  at  the  moment  when  the  veterinary  surgeon 
raises  the  vein  to  pierce  it  with  a pin,  and  to  shut  the  aperture 
previously  made. — Journal  de  Phys.  i.  197. 


OF  THE  SECRETIONS. 


Distribution 
of  the  ele- 
ments of  the 
blood  in  the 
capillaries. 


Secretions, 


Division  of 
the  secretions. 


Passing  through  the  innumerable  small  vessels  by  which  the  ar- 
teries and  the  veins  communicate,  a part  of  the  elements  of  the 
blood  is  spread  over  all  tbe  surfaces  of  the  body,  interior  and  ex- 
terior; another  is  deposited  in  the  small  hollow  organs  situated 
in  the  skin,  and  in  the  mucous  membranes  ; lastly,  a third  enters 
into  the  parenchyma  of  the  organs  called  glands,  undergoes  in  them 
a particular  elaboration,  and  spreads  itself  afterwards  in  certain 
circumstances,  at  the  surface  of  the  mucous  membranes,  or  the 
skin. 

The  generic  name  of  secretion  is  given  to  this  phenomenon,  by 
which  a part  of  the  blood  escapes  from  the  organs  of  circulation, 
and  diffuses  itself  without  or  within  ; either  preserving  its  chemical 
properties,  or  dispersing  after  its  elements  have  undergone  another 
order  of  combinations. 

The  secretions  are  generallly  divided  into  three  sorts  ; the  ex- 
halations, the  follicular  secretions,  and  the  glandular  secretions  ; 
but  this  division,  in  respect  of  secreting  organs  and  secreted  fluids, 


low,  and  mixed  with  a little  air.  I have  several  times  repeated  this  obser- 
vation, which  is  calculated  to  throw  some  light  on  the  still  unknown  use  of 
the  lymphatic  system.  One  might  almost  imagine,  according  to  these  facts, 
that  it  serves  for  a reservoir,  when,  from  certain  circumstances,  the  sangui- 
ferous system  is  too  full  ; yet  in  the  artificial  plethora  which  I have  often 
produced  with  water,  I have  never  observed  this  distention  of  the  lymphatic 
system. 
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leaves  much  to  be  supplied.  Many  secreting  organs  can  be  refer- 
red neither  to  the  follicles  nor  the  glands,  and  what  are  generally 
cdWeAJollicles  or  glands  are  organs  so  different  from  each  other, 
by  their  form,  their  structure,  and  the  fluids  which  they  secrete,  that 
it  would  have  been  perhaps  convenient  not  to  confound  them  un- 
der the  same  denomination. 

However,  not  to  depart  too  far  from  the  received  ideas,  we  shall 
speak  of  the  secretions  according  to  this  classification.  This  article 
shall  be  short  ; for  were  we  to  extend  it  as  far  as  it  is  susceptible, 
we  would  far  surpass  the  bounds  which  we  have  prescribed  to  our- 
selves in  this  work. 


Of  the  exhalations. 

The  exhalations  take  place  as  well  within  the  body  as  at  the  Exhalations, 
skin,  or  in  the  mucous  membranes  ; thence  their  division  into  ex~ 
ternal  and  internal. 


Internal,  exhalations. 

Wherever  large  or  small  surfaces  are  in  contact,  an  exhalation  internal  ex- 

, n • 1 , 1 • • • 1 halations. 

takes  place  ; wherever  fluids  are  accumulated  in  a cavity  without 
any  apparent  opening,  they  are  deposited  there  by  exhalations  ; the 
phenomenon  of  exhalation  is  also  manifested  in  almost  every  part 
of  the  animal  economy.  It  exists  in  the  serous,  the  synovial,  the 
mucous  membranes  ; in  the  cellular  tissue,  the  interior  of  vessels, 
the  adipose  cells,  the  interior  of  the  eye,  of  the  ear,  the  parenchy- 
ma of  many  of  the  organs,  such  as  the  thymus,  thyroid  glands,  the 
capsulæ  suprarénales,  &c.  &c.  It  is  by  exhalation  that  the  watery 
humour,  the  vitreous  humour,  the  liquid  of  the  labyrinth,  are  form- 
ed and  renewed.  The  fluids  exhaled  in  these  different  parts  have 
not  all  been  analyzed  ; amongst  those  that  have  been  examined, 
several  approach  more  or  less  to  the  elements  of  the  blood,  and 
particularly  to  the  serum  ; such  are  the  fluids  of  the  serous  mem- 
branes of  the  cellular  tissue,  of  the  chambers  of  the  eye  ; others 
differ  more  from  it,  as  the  synovia,  the  fat,  &c. 
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Serous  exhalation. 

rav^es  viscera  of  the  head,  of  the  chest,  and  the  abdomen,  are 

covered  with  a serous  membrane,  which  also  lines  the  sides  of 
these  cavities;  so  that  the  viscera  are  not  in  contact  with  the  sides, 
or  with  the  adjoining  viscera,  except  by  the  intermediation  of  this 
same  membrane  ; and  as  its  surface  is  very  smooth,  the  viscera 
can  easily  change  their  relation  with  each  other,  and  with  the 
sides. 

The  principal  circumstance  which  keeps  up  the  polish  of  their 
surface  is  the  exhalation  of  which  they  are  the  seat  ; a very  thin 
fluid  constantly  passes  out  of  every  point  of  the  membrane,  and 
mixing  with  that  of  the  adjoining  parts,  forms  with  it  a humid  layer, 
that  favours  the  friction  of  the  organs. 

It  appears  that  this  facility  of  sliding  upon  each  other  is  very 
favourable  to  the  action  of  the  organs,  for  as  soon  as  they  are  de- 
prived of  it  by  any  malady  of  the  serous  membrane,  their  functions 
are  disordered,  and  they  sometimes  cease  entirely. 

In  the  state  of  health,  the  fluid  secreted  by  the  serous  mem- 
branes appears  to  be  the  serum  of  the  blood,  a certain  quantity  of 
albumen  excepted. 

Serous  exhalation  of  the  cellular  tissue. 

Exhalation  of  The  tlssue  which  is  called  cellular  is  Generali  v distributed 

the  cellular  . . » , ° 

tissue.  through  the  animal  economy  ; it  is  useful  at  once  to  separate  and 

unite  the  different  organs,  and  the  parts  of  the  organs.  This  tis- 
sue is  every  where  formed  of  a great  number  of  small  thin  plates, 
which,  crossing  in  a thousand  different  ways,  form  a sort  of  felt. 
The  size  and  arrangement  of  the  plates  vary  according  to  tlie  dif- 
ferent parts  of  the  body.  In  one  place  they  are  larger,  thicker, 
and  constitute  large  cells  ; in  another,  they  are  very  narrow  and 
thin,  and  form  extremely  small  cells  ; in  some  points  the  tissue  is 
capable  of  extension  ; in  others  it  is  little  susceptible  of  it,  and 
presents  a considerable  resistance.  But  whatever  is  the  disposi- 
tion of  the  cellular  tissue,  its  plates,  by  their  two  surfaces,  exhale 
a fluid  which  has  the  greatest  analogy  with  that  of  the  serous  mem- 
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branes,  and  which  appears  to  have  the  same  uses  ; these  are  to  ren- 
der the  frictions  of  the  plates  easy  upon  each  other,  and  therefore 
to  favour  the  reciprocal  motions  of  the  organs,  and  even  the  relative 
changes  of  the  different  parts  of  which  they  are  composed. 


Fatty  exhalation  0^  the  cellular  tissue. 

Independently  of  the  serum,  a fluid  is  found  in  many  parts  of  the  Fatty  cells, 
cellular  tissue,  of  a very  different  nature,  which  is  the  fat. 

In  relation  to  the  presence  of  fat,  the  cellular  tissue  may 
be  divided  into  three  species  ; that  which  contains  it  always, 
that  which  contains  it  sometimes,  and  that  which  never  contains  it. 

The  orbit,  the  sole  of  the  foot,  the  pulp  of  the  fingers,  that  of  the 
toes,  always  present  fat  ; the  subcutaneous  cellular  tissue,  and  that 
which  covers  the  heart,  the  kidneys,  &c-,  present  it  often  : lastly, 
that  of  the  scrotum,  of  the  eyelids,  of  the  interior  of  the  skull,  never 
contain  it. 

The  fat  is  contained  in  distinct  cells  that  never  communicate 
with  the  adjoining  ones  ; it  has  been  supposed,  from  this  circum- 
stance, that  the  tissue  which  contains,  and  wdiich  forms  the  fat,  was 
not  the  same  as  that  by  which  the  serosity  is  formed  ; but  as  these 
fatty  cells  have  never  been  shown,  except  when  full  of  fat,  this  ana- 
tomical distinction  seems  doubtful.  The  size,  the  form,  the  dispo- 
sition of  these  cells,  are  not  less  variable  than  the  quantity  of  fat 
which  they  contain.  In  some  individuals  scarcely  a few  ounces 
exist,  whilst  in  others  there  are  several  hundred  pounds. 

According  to  the  last  researches  of  M.  Chevreul,  the  human  fat 
is  almost  always  of  a yellow  colour.  It  is  without  odour;  it  be- 
gins to  congeal  at  from  89  to  96  degrees,  F.  It  is  composed  of  two 
parts,  the  one  fluid,  the  other  concrete,  which  are  themselves  com- 
pounded, but  in  different  proportions,  of  two  new  proximate  prin- 
ciples discovered  by  M.  Chevreul,  elaïn,  stearin. 

The  fat  appears  to  be  useful  in  the  animal  economy  principally  uses  of  the 
by  its  physical  properties  ; it  forms  a sort  of  elastic  cushion  in  the 
orbit  upon  which  the  eye  moves  with  facility  ; in  the  soles  of  the 
feet,  and  in  the  hips,  it  forms  kind  of  layer,  which  renders  the 

pressure  exerted  by  the  body  upon  the  skin  and  other  soft  parts 
less  severe  ; its  presence  beneath  the  skin  concurs  in  rounding  the 
outlines,  in  diminishing  the  bony  and  muscular  projections,  and  in 
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beautifying  the  form  ; and  as  all  fat  bodies  are  bad  conductors  of 
caloric,  it  contributes  to  the  preservation  of  that  of  the  body.  Full 
persons  in  general  suffer  little,  in  winter,  from  cold. 

Age,  and  the  various  modes  of  life,  have  much  influence  upon 
the  development  of  this  fluid  ; very  young  children  are  generally 
fat.  Fat  is  rarely  abundant  in  the  young  man  ; but  the  quantity 
of  it  increases  much  towards  the  age  of  thirty  years,  particularly  if 
the  nourishment  is  succulent  and  the  life  sedentary  ; the  abdomen 
projects,  the  hips  increase  in  size,  as  well  as  the  breasts  in  women. 
The  fat  becomes  more  yellow  in  proportion  as  the  age  is  more  ad- 
vanced. 

Synovial  exhalations- 

Round  the  movable  articulations  a thin  membrane  is  found, 
which  has  much  analogy  with  the  serous  membranes;  but  which,  | 
however,  differs  from  them  by  having  small  reddish  prolongations 
that  contain  numerous  bloodvessels  : these  are  called  synovial  i 
fringes  : they  are  very  visible  in  the  great  articulations  of  the 
limbs.  It  was  long  believed,  and  many  anatomists  still  believe,  j 
that  the  articular  capsules,  reflected  upon  the  diarthrodial  carti-  I 
lages,  cover  the  surfaces  by  which  these  correspond  ; but  I have  re-  ! 
cently  ascertained  that  the  membranes  do  not  go  beyond  the  cir-  j 
cumference  of  the  cartilages. 

We  have  treated  of  the  uses  of  the  synovia,  in  speaking  of  the  ' 
motions. 

Internal  exhalation  of  the  eye-  ! 

The  different  humours  of  the  eye  are  also  formed  by  exhalation  ; j 
they  are  each  of  them  separately  enveloped  in  a membrane,  that  : 
appears  intended  for  exhalation  and  absorption.  ; 

The  humours  of  the  eye  are,  the  aqueous  humour,  the  forma- 
tion of  which  is  at  present  attributed  to  the  ciliary  processes  ; the 
vitreous  humour,  secreted  by  the  hyaloid  ; the  crystalline,  the 
black  matter  of  the  choroid,  and  that  of  the  posterior  surface  of  the 
iris. 

The  chemical  composition  of  the  aqiieous  humour  of  the  crys- 
talline and  of  the  vitreous  humour  has  been  explained  at  the  arti- 
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de  Vision  ; the  black  matter  of  the  choroid  and  the  iris  has  been 
analyzed  by  M.  Berzelius  : it  is  insoluble  in  water  and  the  acids  ; 
the  caustic  alkalies  dissolve  it,  and  the  acids  precipitate  it  from  this 
solution.  It  bums  like  vegetable  matter,  and  leaves  ferruginous 
ashes. 

We  learn  from  experience  that  the  aqueous  and  vitreous  hu- 
mours are  renewed  with  rapidity,  when  pus  or  blood  has  been  ef- 
fused in  the  eye  ; it  disappears  in  a few  days,  and  the  humours 
recover  their  transparency  by  degrees. 

It  does  not  appear  that  the  matter  of  the  crystalline,  or  that  of 
the  choroid,  are  thus  capable  of  reproduction,  at  least  nothing 
seems  to  prove  it. 

Sanguineous  exhalations. 

O 

In  all  the  exhalations  of  which  we  have  spoken,  it  is  only  a part 
of  the  principles  of  the  blood  that  passes  out  of  the  vessels  ; the 
blood  itself  appears  to  spread  in  several  of  the  organs,  and  fill  in 
them  the  sort  of  cellular  tissue  which  forms  their  parenchyma  ; 
such  are  the  cavernous  bodies  of  the  penis  and  of  the  clitoris,  the 
urethra  and  the  glans,  the  spleen,  the  mammilla,  &c.  The  anato- 
mical examination  of  these  different  tissues  seems  to  show  that 
they  are  habitually  filled  with  venous  blood,  the  quantity  of  which 
is  variable  according  to  different  circumstances,  particularly  ac- 
cording to  the  state  of  action  or  of  inaction  of  the  organs. 

Many  other  interior  exhalations  exist  also,  amongst  which  I will 
notice  those  of  the  cavities  of  the  internal  ear,  of  the  parenchyma, 
of  the  thymus,  of  the  thyroid  gland  ; that  of  the  cavity  of  the 
capsulæ  suprarénales,  &c.  : but  the  fluids  formed  in  these  different 
parts  are  scarcely  understood  ; they  have  never  been  analyzed,  and 
their  uses  are  unknown. 

Physiologists  have  often  endeavoured  to  account  for  the  pheno-  Explanation 

p , , , . 1 1 . 1 . , , of  exhalation. 

menon  of  exhalation  ; each  has  given  his  explanation  ; some  have 
admitted  exhaling  mouths,  others  lateral  pores.  Bichat  has  created 
particular  vessels,  which  he  calls  exhalants.  I say  created,  for  he 
himself  owns  that  these  vessels  cannot  be  seen  ; and  as  the  exist- 
ence of  these  pores,  of  these  mouths  of  exhalants,  is  not  sufficient 
to  explain  the  diversity  of  exhalations,  particular  sensibilities  and 
motions  are  supposed  to  belong  to  each  of  them,  by  virtue  of  which 
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they  admit  only  the  passage  of  a certain  part  of  the  blood,  and  pre- 
vent that  of  others.  We  know  how  little  is  to  be  depended  on  in 
explanations  of  this  nature. 

What  appears  much  more  certain  is,  that  the  physical  disposi- 
tion of  the  small  vessels  has  an  influence  upon  exhalation,  as  the 
following  facts  seem  to  establish. 

Wlien,  in  the  dead  body,  tepid  water  is  injected  into  an  artery 
that  proceeds  to  a serous  membrane,  as  soon  as  the  current  is  esta- 
blished from  the  artery  to  the  vein,  a great  number  of  small  drops 
pass  out  of  the  membrane,  and  quickly  evaporate-  Has  not  this 
phenomenon  much  analogy  with  exhalation  ? 

If  we  employ  a solution  of  gelatine,  coloured  with  vermilion,  to 
inject  a whole  body,  it  frequently  happens  that  the  gelatine  is  de- 
posited round  the  convolutions,  and  in  the  cerebral  anfractuosities 
or  spaces  between  the  former,  without  the  colouring  matter  having 
escaped  from  the  vessels  ; on  the  contrary,  the  whole  injection 
spreads  at  the  external  and  internal  surface  of  the  choroid.  If  lin- 
seed oil  be  used,  coloured  also  by  vermilion,  the  oil,  deprived  of 
the  colouring  matter,  is  often  seen  deposited  in  the  great  synovial 
capsule  of  the  articulations,  whilst  there  is  no  transudation  at  the 
surface  of  the  brain,  or  in  the  interior  of  the  eye. 

Are  not  there  true  secretions  after  death,  which  evidently  de- 
pend upon  the  physical  disposition  of  the  small  vessels  ? and  is  it 
not  very  probable  that  this  same  disposition  must,  at  least  in  part, 
preside  over  the  exhalation  during  life  ? 

The  theory  of  exhalation  must  necessarily  change  its  appearance, 
since  the  property  of  imbibition  has  been  proved  to  belong  to  all 
the  different  tissues.  Before  seeking  in  this  phenomenon  the  spe- 
cial influence  of  life,  or,  according  to  received  language,  the  effect 
of  the  vital  properties,  it  is  necessary  to  commence  by  studying  its 
mechanical  effects. 

Now  we  know,  from  experiment,  that  the  bloodvessels,  or  others, 
admit  themselves  to  be  either  penetrated  from  without  inwardly,  or 
from  within  outwards.  M.  Fodera  has  made  a great  many  experi- 
ments in  this  respect  : a poisonous  substance  was  put  into  the  interior 
of  an  artery,  tied  at  two  different  points  ; a little  time  after,  the  poi- 
son was  imbibed  by  the  parietes  of  the  vessel,  spread  itself  on  the 
outside,  and  very  soon  destroyed  the  animal.  If  it  were  possible 
to  make  this  experiment  upon  very  small  vessels,  there  is  no  doubt 
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i we  should  have  a still  more  rapid  result.  (See  Journ.  Phys.  iii. 

1 One  prime  mechanical  cause  of  exhalation  is  therefore  exactly 
the  same  as  that  of  absorption,  namely  imbibition. 

Another  cause,  as  mechanical  as  the  former,  exists  in  the  pres-  Pressure  of 
sure  which  the  blood  undergoes  in  the  circulating  system  : that  vessels  influ- 
; pressure  must  contribute  powerfully  to  cause  the  most  watery  por-  tion. 
tion  of  the  blood  to  pass  through  the  parietes  of  the  vessels.  This 
phenomenon  is  easily  seen  after  death,  and  even  during  life.  When 
by  means  of  a syringe  we  throw  with  force  an  injection  of  water 
into  an  artery,  then  all  the  surfaces  upon  which  the  vessel  is  dis- 
tributed, its  branches,  and  the  trunk  itself,  allow  the  liquor  inject, 
ed  to  transude  on  all  sides,  with  so  much  the  more  abundance,  as 
. Î the  injection  is  thrown  with  greater  force. 

There  is  another  way  of  exposing  these  curious  phenomena  in  Experiments 

fci  11  T 1 T ■ • ^ ^ • r»  • 1 upon  exbala- 

l|  full  light.  Inject  into  the  veins  of  an  animal  enough  of  water  to  tion. 
r double  or  triple  the  natural  volume  of  its  blood  ; you  will  produce 
« a considerable  distention  of  the  circulatory  organs,  and  consequent- 
ly you  will  augment  greatly  the  pressure  experienced  by  the  circu- 
lating fluid.  In  this  state,  examine  a serous  membrane,  the  perito- 
neum, for  example,  and  you  will  see  flowing  rapidly  from  its  sur- 
face, a serous  fluid,  which  soon  fills  its  cavity,  and  produces,  before 
<j|.  your  eyes,  a genuine  dropsy.  I have  sometimes  seen  even  the  co- 
i'  louring  part  of  the  blood  escape  from  the  surface  of  certain  organs, 
ij  as  the  liver,  spleen,  &c. 

i That  which  happens  when  the  veins  are  compressed  or  obstruct-  Efforts  influ- 

» ^ ‘ ‘ ence  exhala- 

^1  ed,  that  is  to  say,  oedema  and  serous  effusion,  depends,  without 
rf  any  doubt,  upon  the  physical  cause  which  has  been  indicated. 

Finally,  every  cause  which  renders  stronger  the  pressure  kept  up 
V by  the  blood  increases  exhalation.  I have  several  times  observed 
1 this  increase  of  exhalation  in  the  vertebral  canal,  upon  the  arach- 
i|  noid  membranes  of  the  spinal  marrow,  and  in  the  following  circum- 
>li  stances.  I have  said  besides,  that  the  cavity  of  this  membrane  is 
t(  often  in  the  living  animal  filled  with  serosity.  I have  several  times 
'ij  remarked,  that  in  certain  moments  in  which  animals  make  violent 
‘i|  eflForts,  this  serosity  becomes  sensibly  augmented  ; the  same  thing 
f may  be  seen  on  the  surface  of  the  brain,  where  there  also  exists 
: constantly  a considerable  quantity  of  serum. 

i' 

ij 
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External  exhalations. 

Ihese  are  composed  entirely  of  the  exhalations  of  the  mucous 
membranes,  and  of  that  of  the  skin,  or  cutaneous  transpiration. 

Exhalation  oj'  the  mucous  membranes. 

There  are  two  mucous  membranes  * ; the  one  covers  the  surface 
of  the  eye,  the  lachrymal  ducts,  the  nasal  cavities,  the  sinuses,  the 
middle  ear,  the  mouth,  all  the  intestinal  canal,  the  excretory  canals, 
which  terminate  in  it  ; lastly,  the  larynx,  the  trachea,  and  the 
bronchia. 

The  other  mucous  membrane  covers  internally  the  organs  of  ge- 
neration, and  the  urinary  apparatus. 

These  two  membranes  are  always  lubricated  by  a fluid  which 
they  secrete,  and  which  is  called  mucus.  This  fluid  is  transparent, 
glutinous,  thready,  and  of  a salt  taste  ; it  reddens  paper  of  turn- 
sol,  contains  a great  deal  of  water,  muriate  of  potass  and  soda,  lac- 
tate of  lime,  of  soda,  and  phosphate  of  lime.  According  to  MM. 
Fourci’oy  and  Vauquelin,  the  mucus  is  the  same  in  all  the  mucous 
membranes.  On  the  contrary,  M.  Berzelius  thinks  it  variable, 
according  to  the  points  from  which  it  is  extracted.  Many  persons 
think  that  the  mucus  is  exclusively  formed  by  the  follicles  contain- 
ed in  the  mucous  membranes  ; but  I have  ascertained,  by  recent 
experiments,  that  it  is  formed  in  places  where  no  follicles  exist.  I 
have  also  remarked  that  it  is  produced  some  time  after  death.  This 
fact  merits  the  particular  attention  of  chemists. 

The  mucus  forms  a layer  of  greater  or  less  thickness  at  the  sur- 
face of  the  mucous  membranes,  and  it  is  renewed  with  more  or 
less  rapidity  ; the  water  it  contains  evaporates  under  the  name  of 
mucous  exhalation  ; it  also  protects  these  membranes  against  the 
action  of  the  air,  of  the  aliment,  the  different  glandular  fluids, 
&e.;  it  is,  in  fact,  to  these  membranes  nearly  what  the  epidermis 
is  to  the  skin.  Independently  of  this  general  use,  it  has  others 
that  vary  according  to  the  parts  of  the  mucous  membranes.  Thus 
the  mucus  of  the  nose  is  favourable  to  smell,  that  of  the  mouth 

• Bichat  considers  the  lining  membrane  of  the  lactiferous  tubes,  as  a 
third  entire  raucous  membrane. — See  my  Table  of  the  Tissues,  added  in  the 
Notes. — Tr. 
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gives  facility  to  taste,  that  of  the  stomach  and  intestines  assists  in 
digestion,  that  of  the  genital  and  urinary  ducts  serves  in  the  gene- 
ration and  secretion  of  urine,  &c. 

A great  part  of  the  mucus  is  absorbed  again  by  the  membranes 
which  secrete  it  ; another  part  is  carried  outwards,  either  alone,  as 
in  blowing  the  nose,  or  spitting,  or  mixed'with  the  pulmonary 
transpiration,  or  with  the  excremental  matter,  or  the  urine,  &c. 

Cutaneous  transpiration. 

A transparent  liquid,  of  an  odour  more  or  less  strong,  salt,  acid, 
usually  passes  through  the  innumerable  openings  of  the  epidermis. 

This  liquid  is  generally  evaporated  as  soon  as  it  is  in  contact  with 
the  air,  and  at  other  times  it  flows  upon  the  surface  of  the  skin.  In 
the  first  case  it  is  imperceptible,  and  bears  the  name  of  insensible 
transpiration  ; in  the  second  it  is  called  svoeat. 

Whatever  form  it  takes,  the  liquid  that  escapes  from  the  skin  is 
composed,  according  to  M.  Thénard,  of  a great  deal  of  water,  a 
small  quantity  of  acetic  acid,  of  muriate  of  soda  and  potass,  a 
small  quantity  of  earthy  phosphate,  an  atom  of  oxide  of  iron,  and  a 
trace  of  animal  matter.  M.  Berzelius  considers  the  acid  of  sweat 
not  the  same  as  the  acetic  acid,  but  like  the  lactic  acid  of  Scheele. 

The  skin  exhales,  besides,  an  oily  odorous  matter,  and  some  carbo- 
nic acid. 

Many  experiments  have  been  made  to  determine  the  quantity  of  Expeiimcnts 
transpiration  which  is  formed  in.  a given  time,  and  the  variations  neousuans- 
that  this  quantity  undergoes  according  to  circumstances.  The  first 
attempts  are  due  to  Sanctorius,  who,  during  thirty  years,  weighed 
every  day  with  extreme  care,  and  an  indefatigable  patience,  his 
food  and  his  drink,  his  solid  and  liquid  excretions,  and  even  him- 
self. Sanctorius,  in  spite  of  his  zeal  and  perseverance,  arrived  at 
results  that  were  not  very  exact.  Since  his  time,  several  philoso- 
phers and  physicians  have  been  employed  on  the  same  subject  with 
more  success  ; but  the  most  remarkable  labour  in  this  way  is  that 
of  Lavoisier  and  Seguin.  These  philosophers  were  the  first  who 
distinguished  the  loss  that  takes  place  by  pulmonary  transpiration 
from  that  of  the  skin.  M,  Seguin  shut  himself  up  in  a bag  of 
gummed  silk,  tied  above  his  head,  and  presenting  an  opening,  the 
edges  of  which  were  fixed  round  his  mouth  by  a mixture  of  tur- 
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pentine  and  pitch.  In  this  manner  only  the  fluid  of  pulmonary 
transpiration  passed, into  the  air.  In  order  to  know  the  quantity,' 
it  was  sufficient  to  weigh  himself,  with  the  bag,  at  the  beginning 
and  end  of  the  experiment,  in  a very  fine  balance.  By  repeating 
the  experiment  out  of  the  bag,  he  determined  the  whole  quantity 
of  fluid  transpired  ; so  that,  by  deducting  from  this  the  quantity  ; 
that  he  knew  had  passed  out  from  the  lungs,  he  had  the  quantity 
of  fluid  exhaled  by  the  skin.  Besides,  he  took  into  account  the 
food  that  he  had  used,  his  excretions  solid  and  liquid,  and  general- 
ly all  the  causes  that  could  have  any  influence  upon  transpiration. 
By  following  this  plan,  the  results  of  MM.  Lavoisier  and  Seguin 
are  these  * : — 

1st,  The  greatest  quantity  of  insensible  transpiration  (the  pul- 
monary included)  is  25.6  grains  troy  per  minute  ; consequently, 
3 ounces  1 drachm  36  giains  per  hour  ; and  6 pounds  4>  ounces 
6 drachms  24i  grains  in  twenty-four  hours. 

2d,  The  least  considerable  loss  is  8.8  grains  per  minute  ; conse- 
quently 2 pounds  2 ounces  3 drachms  in  twenty-four  hours.  ' 

3d,  It  is  during  the  digestion  that  the  loss  of  weight  occasioned 
by  insensible  transpiration  is  at  its  minimum.  »'• 

4th,  The  transpiration  is  at  its  maximum  immediately  after 
dinner. 

5th,  The  mean  of  the  insensible  transpiration  is  14.4  grains  per 
minute  ; in  the  mean  14. 4 grains,  8.8  depend  on  cutaneous  trans- 
piration, and  5.6  upon  the  pulmonary. 

6th,  The  cutaneous  transpiration  alone  varies  during  and  after 
repasts. 

7th,  Whatever  quantity  of  food  is  taken,  or  whatever  are  the 
variations  of  the  atmosphere,  the  same  individual,  after  having  aug- 
mented in  weight  by  all  the  food  that  he  has  taken,  returns  in 
twenty-four  hours  to  the  same  weight  nearly  that  he  was  the  day 
before,  provided  he  is  not  growing,  or  has  not  eaten  to  excess.  ' 

It  is  much  to  be  wished  that  this  interesting  labour  had  been 
continued,  and  that  the  authors  had  not  limited  their  studies  to  in- 
sensible transpiration,  but  had  extended  their  observations  to  the 
sweat. 


* Annales  de  Chimie,  tom.  xc.  p.  14. 
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Whenever  the  fluid  of  transpiration  is  not  evaporated  as  soon  as  of  the  sweat, 
it  comes  in  contact  with  the  air,  it  appears  at  the  surface  of  the 
skin  in  the  form  of  a layer  of  liquid,  of  variable  thickness.  Now, 
this  effect  may  happen  because  the  transpiration  is  too  copious,  or 
because  of  the  diminution  of  the  solvent  power  of  the  air.  We 
perspire  in  an  air  hot  and  humid,  by  the  influence  of  the  two 
causes  joined  ; we  would  perspire  with  more  difficulty  in  an  air  of 
the  same  heat,  but  dry.  Certain  parts  of  the  body  transpire  more 
copiously,  and  sweat  with  more  facility,  than  others  ; such  are  the 
hands  and  feet,  the  arm-pits,  the  groins,  the  brow,  &c.  Generally 
the  skin  of  these  parts  receives  a greater  proportional  quantity  of 
blood  ; and  in  some  people,  the  arm-pit,  the  sole  of  the  foot,  and 
the  intervals  between  the  toes,  do  not  come  so  easily  in  contact 
with  the  air. 

The  sweat  does  not  appear  to  have  every  where  the  same  com- 
position ; every  one  knows  that  its  odour  is  variable  according  to 
the  different  parts  of  the  body  ; it  is  the  same  with  its  acidity, 
which  appears  much  stronger  in  the  arm-pits,  and  the  feet,  than 
elsewhere. 

We  have  seen  what  influence  the  volume  of  the  blood,  its  com- 
position, and  even  the  pressure  which  it  experiences  in  the  vessels, 
exercise  upon  the  internal  exhalations  : the  same  circumstances 
act  in  an  analogous  manner  in  the  cutaneous  transpiration.  Per- 
sons full  of  blood  perspire  abundantly.  After  the  use  of  a hot 
draught,  which  being  easily  absorbed,  must  be  exhaled  with  equal 
ease,  the  transpiration  increases.  Continued  efforts,  rapid  walk- 
ing and  running,  are  instantly  followed  by  sweat,  if  the  season  is 
warm.  I know  a person  who  brings  on  sweat  at  pleasure  in  his 
bed,  by  contracting  his  muscular  system  with  force  for  some 
instants. 

The  cutaneous  transpiration  has  numerous  uses  in  the  animal  uses  of  the 

cutaneous 

economy,  keeps  up  the  suppleness  of  the  epidermis,  and  thus  fa-  transpiration, 
vours  the  exercise  of  tact  and  touch.  By  its  evaporation,  along 
with  that  of  the  lungs,  it  becomes  the  principal  means  of  cooling,  by 
which  the  body  maintains  itself  within  certain  limits  of  tempera- 
ture ; also  its  expulsion  from  the  economy  appears  very  important, 
for  every  time  that  it  is  diminished  or  suspended,  derangements  of 
more  or  less  consequence  follow,  and  many  diseases  are  not  arrest- 
ed until  a considerable  quantity  of  sweat  is  expelled. 
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Follicular  secretions.  ® 

The  follicles  are  small  hollow  organs,  lodged  in  the  skin  or  mu- 
cous membranes,  and  which  on  that  account  are  divided  into  mu- 
cous and  cutaneous. 

The  follicles  are,  besides,  divided  into  simple  and  compound. 

Mucous  follicular  secretions. 

The  simple  mucous  follicles  are  seen  upon  nearly  the  whole  ex- 
tent of  the  mucous  membranes,  where  they  are  more  or  less  abun- 
dant; however,  there  are  points  of  considerable  extent  of  these 
membranes  where  they  are  not  seen. 

The  bodies  that  bear  the  name  of  fungous  papillce  of  the 
tongue,  the  amygdalæ,  the  glands  of  the  cardia,  the  prostate,  &c. 
are  considered  by  anatomists  as  collections  of  simple  follicles  : 
perhaps  this  opinion  is  not  sufficiently  supported. 

The  fluid  that  they  secrete  is  little  known  ; it  appears  analogous 
to  the  mucus,  and  to  have  the  same  uses. 

Cutaneous  follicular  secretions. 

In  almost  all  the  points  of  the  skin  little  openings  exist,  which 
are  the  orifices  of  small  hollow  organs,  with  membranous  sides, 
generally  filled  with  an  albuminous  and  fatty  matter,  the  consist- 
ence, the  colour,  the  odour,  and  even  the  savour  of  which  are 
variable,  according  to  the  different  parts  of  the  body,  and  which 
is  continually  spread  upon  the  surface  of  the  skin. 

These  small  organs  are  called  the  follicles  of  the  skin  ; one  of 
them  at  least  exists  at  the  base  of  each  hair,  and  generally  the  hairs 
traverse  the  cavity  of  a follicle  in  their  direction  outwards. 

The  follicles  form  that  mucous  and  fatty  matter  which  is  seen 
upon  the  skin  of  the  cranium,  and  on  that  of  the  pavilion  of  the 
ear  ; the  follicles  also  secrete  the  cerumen  in  the  auditory  canal  ; 
that  whitish  matter,  of  considerable  consistence,  that  is  pressed  out 
of  the  skin  of  the  face  in  the  form  of  small  worms,  is  also  contained 
in  follicles;  it  is  the  same  matter,  which,  by  its  surface  being  in 
contact  with  the  air,  becomes  black,  and  produces  the  numerous 
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spots  that  are  seen  upon  some  persons’  faces,  particularly  on  the 
sides  of  the  nose  and  cheeks. 

The  follicles  also  appear  to  secrete  that  odorous  whitish  matter, 
which  is  always  renewed  at  the  external  surface  of  the  genital 
parts. 

By  spreading  on  the  surface  of  the  epidermis,  of  the  hair  of  the 
head,  of  the  skin,  &c.,  the  matter  of  the  follicles  supports  the  sup- 
pleness and  elasticity  of  those  parts,  renders  their  surface  smooth 
and  polished,  favours  their  frictions  upon  one  another  ; on  account 
of  its  unctuous  nature,  it  renders  them  less  penetrable  by  humidity, 

&c. 

Glandular  secretions. 

The  name  of  gland  is  given  to  a secreting  organ  which  sheds  the  GianciuUi 
fluid  that  it  forms  upon  the  surface  of  a mucous  membrane,  or  of  , 
the  skin,  by  one  or  more  excretory  canals. 

The  number  of  glands  is  considerable  ; the  action  of  each  bears 
the  name  of  glandular  secretion.  There  are  six  secretions  of  this 
sort,  that  of  the  tears,  of  the  saliva,  of  the  bile,  of  the  pancreatic 
fluid,  of  the  urine,  of  the  semen,  and  lastly,  that  of  the  milk  ; 
we  may  add  the  action  of  the  mucous  glands,  and  of  the  glands  of 
Cowper. 


Secretion  of  tears. 

The  gland  that  forms  the  tears  is  very  small  ; it  is  situated  in  Secretion  of 
the  orbit  of  the  eye  above  and  a little  outward  ; it  is  composed  of 
small  grains,  united  by  cellular'  tissues  ; its  excretory  canals,  small, 
and  numerous,  open  behind  the  external  angle  of  the  upper  eyelid  : 
it  I'eceives  a small  artery,  a branch  of  the  ophthalmic,  and  a nerve, 
a division  of  the  fifth  pair. 

In  a state  of  health  the  tears  are  in  small  quantity  ; the  liquid  Nature  of 

the  teflrs* 

that  forms  them  is  limpid,  without  odour,  of  a salt  taste.  MM. 

Fourcroy  and  Vauquelin,  who  analyzed  it,  found  it  composed  of 
much  water,  of  some  centesimals  of  mucus,  muriate  and  phosphate 
of  soda,  and  of  a little  pure  soda  and  lime.  What  are  called  tears, 
are  not,  however,  the  fluid  secreted  entirely  by  the  lachrymal 
gland  ; it  is  a mixture  of  this  fluid  with  the  matter  secreted 
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by  the  conjunctiva,  and  probably  with  that  of  tbe  glands  of  Mei- 
bomius. 

The  tears  form  a layer  before  the  conjunctiva  of  the  eye,  and 
defend  it  from  the  contact  of  air  ; they  facilitate  the  frictions  of 
the  eyelids  upon  the  eye,  favour  the  expulsion  of  foreign  bodies, 
and  prevent  the  action  of  irritating  bodies  upon  the  conjunctiva  ; 
in  this  case  the  quantity  rapidly  augments.  They  are  also  a means 
of  expressing  the  passions  : the  tears  flow  from  vexation,  pain,  joy, 
and  pleasure  ; the  nervous  system  has  therefore  a particular  influ- 
ence upon  their  secretion.  This  influence  probably  takes  place 
by  means  of  the  nerve  that  the  fifth  pair  of  cerebral  nerves  sends  to 
the  lachrymal  gland. — See  Article  Vision. 

Secretion  of  saliva. 

The  salivary  glands  are,  1 st,  the  two  parotids,  situated  before  the 
ear  and  behind  the  neck,  and  the  branch  of  the  jaw  ; 2d,  the  sub- 
maxillary, situated  below  and  on  the  front  of  the  body  of  this  bone  ; 
3d,  and  lastly,  the  sublinguals,  placed  immediately  below  the 
tongue  ; the  parotids  and  the  submaxillaries  have  only  one  excretory 
canal;  the  sublinguals  have  several.  All  these  glands  are  formed 
by  the  union  of  granulations  of  difterenl  forms  and  dimensions  ; they 
receive  a considerable  quantity  of  arteries  relatively  to  their  mass  ; 
several  nerves  are  distributed  to  them  which  proceed  from  the  brain 
or  the  spinal  marrow. 

The  saliva  which  these  glands  secrete  flows  constantly  into  the 
mouth,  and  occupies  the  inferior  part  of  it  ; it  is  at  first  placed 
between  the  anterior  and  lateral  part  of  the  tongue  and  the  jaw, 
and  when  the  space  is  filled,  it  passes  into  the  space  between  the 
lower  lip,  the  cheek,  and  the  external  side  of  the  jaw  ; being  thus 
deposited  in  the  mouth,  it  mixes  with  the  fluids  secreted  by  the 
membranes  and  the  mucous  follicles. 

The  liquid  which  proceeds  from  a salivary  gland  has  never  been 
directly  analyzed  ; it  is  always  the  fluid  found  in  the  mouth,  and 
which  is  in  reality  almost  composed  of  saliva.  It  has  been  found 
limpid,  viscous,  without  colour  or  odour,  of  an  agreeable  taste, 
a little  heavier  than  water.  According  to  M.  Berzelius,  it  is  thus 
constituted  : water,  992.9  ; a particular  animal  matter,  2.9  ; mucus, 
1.4  ; muriate  of  potass  and  soda,  0.7  ; tartrate  of  soda  and  animal 
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j matter,  0.9  ; soda,  0.2.  This  composition  of  the  saliva  is  probably 
variable,  for  in  certain  circumstances  it  is  sensibly  acid. 

|i  The  saliva  is  one  of  the  most  useful  digestive  fluids  ; it  is  fa-Ufçsofthe 

I _ . . . “ ...  saliva. 

I vourable  to  the  maceration  and  division  of  the  food  ; it  assists  its 
deglutition  and  transformation  into  ciiymç  ; it  also  renders  more 
1 easy  the  motions  of  the  tongue  in  speech  and  in  singing.  The 
• greatest  part  of  the  fluid  is  carried  into  the  stomach  by  the  motions 
of  deglutition  ; another  part  must  evaporate,  and  go  out  of  the 
mouth  with  the  expired  air. 

Secretion  of  the  pancreatic  juice. 

The  pancreas  is  situated  transversely  in  the  abdomen,  behind  th”pjn°re^ic 
the  stomach  ; it  has  an  excretory  canal,  which  opens  into  the  duo- 
i denum  beside  that  of  the  liver;  the  granulous  structure  of  this 
gland  has  made  it  be  considered  a salivary  gland;  but  it  is  differ- 
1 ent  frbm  them  by  the  smallness  of  the  arteries  that  it  receives,  and 
I by  not  appearing  to  receive  any  cerebral  nerve. 

i De  Graaf,  a Dutch  anatomist,  formerly  gave  a process  for  col-  R-  Re  Graaf, 

1 letting  pancreatic  juice.  It  consists  in  introducing  into  the  excre- 
tory  canal  of  the  pancreas,  in  its  intestinal  extremity,  a small  quill, 
to  which  is  attached  a small  bottle,  placed  under  the  belly  of  the 
animal.  I have  several  times  tried  this  process,  but  I think  it 
impracticable.  The  quill,  or  any  other  tube,  tears  the  internal 
mucous  membrane  of  the  canal,  the  blood  flows,  and  the  tube  is 
very  soon  stopped.  I employ  a much  simpler  mode:  I lay  bare  Mannerofob- 

1.  j . taining  pan- 

the  orifice  of  the  canal  in  a dog,  I wipe  the  surrounding  mucous  creatic  juke, 
jj  membrane  with  a very  fine  cloth,  and  I wait  until  a drop  of  liquid 
I passes  out  ; as  soon  as  it  appears,  I suck  it  up  with  a pipette,  an 
: ! instrument  used  in  chemistry.  In  this  manner  I have  succeeded 

tin  collecting  some  drops  of  pancreatic  juice,  but  never  enough  to 
analyze  it  according  to  rule.  1 have  recognised  in  it  a slightly  yel- 
[ low  colour,  a salt  taste,  no  odour;  I found  that  it  was  alkaline,  and 
I partly  coagulable  by  heat  *. 


* In  birds  which  have  two  pancreases,  I have  observed  that  the  ducts  have 
an  almost  perpetual  peristaltic  motion  ; the  pancreatic  juice  is  also  much 
H more  abundant,  and  totally  albuminous  ; at  least,  it  hardens  by  heat,  like 
1 ; albumen. 
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thepæ^rertic  Wliat  I have  been  most  struck  with  in  endeavouring  to  procure 

juice.  pancreatic  juice,  is  the  smallness  of  the  quantity  which  forms  it  ; 

a drop  scarcely  passes  out  in  half  an  hour,  and  I have  sometimes 
waited  longer  for  it.  It  does  not  flow  more  rapidly  during  diges- 
tion ; but,  on  the  contrary,  it  seems  slower.  I think  it  is  general- 
ly more  copious  in  very  young  animals. 

It  is  impossible  to  explain  the  use  of  the  pancreatic  juice. 

Secretion  of  bile, 

Secretion  of  The  liver  is  the  largest  of  all  the  glands  ; it  is  also  distinguished 
by  the  singular  circumstance  among  the  secretory  organs,  that  it  is 
constantly  traversed  by  a great  quantity  of  venous  blood,  besides 
the  arterial  blood,  which  it  receives  as  well  as  every  other  part. 
Its  parenchyma  does  not  resemble,  in  any  respect,  that  of  the  other 
glands  ; and  the  fluid  formed  by  it  is  not  less  different  fi’om  that  of 
the  other  glandular  fluids. 

The  excretory  canal  of  the  liver  goes  to  the  duodenum  ; before 
entering  it,  it  communicates  with  a small  membranous  bag,  called 
vesicula  fellis,  and  on  this  account,  that  it  is  almost  always  filled 
with  bile.  The  communication  is  established  by  means  of  a small 
duct,  named  cystic^  which  within  is  provided  with  a small  spiroid 
valve,  recently  discovered  by  M.  Araussat. 

Physical  and  Few  fluids  are  so  compound,  and  so  different  from  the  blood, 

chemical  pro-  .1  x i • * 1 • 1 • • • 

perties  of  the  as  the  bile.  Its  colour  IS  greenish,  its  taste  very  bitter  ; it  is 
viscous,  thready,  sometimes  limpid,  and  sometimes  muddy.  It 
contains  water,  albumen,  a matter  called  resinous  by  some  che- 
mists,® a yellow  colouring  principle  *,  soda,  and  some  salts,  viz. 
muriate,  phosphate,  and  sulphate  of  soda,  phosphate  of  lime,  and 
oxide  of  iron.  These  properties  belong  to  the  bile  contained  in  the 
gall-bladder.  That  which  goes  out  directly  from  the  liver,  called 
hepatic  bile,  has  never  been  analyzed  ; it  appears  in  general  to  be 
of  a less  deep  colour,  less  viscous,  and  less  bitter  than  the  cystic 
bile. 

-,  , „ The  formation  of  the  bile  appears  constant.  In  whatever  cir- 

Excretionof 

the  bile.  cumstances  an  animal  is  placed,  if  the  orifice  of  the  ductus  chole- 


* It  is  probable  that  the  yellow  matter  of  the  bile  is  also  that  which  co- 
lours the  serum  of  the  blood,  the  urine,  &c. 
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dochus  be  laid  bare,  this  liquid  is  seen  to  flow,  drop  by  drop,  at 
the  surface  of  the  intestine.  The  vesicle  appears  to  fill  more  when 
the  stomach  is  empty,  and  the  abdominal  pressure  is  less.  It  has 
always  appeared  to  me  more  distended  at  this  instant  ; but  it  does 
not  completely  empty  itself  by  the  distention  of  the  stomach.  Vo- 
miting contributes  most  to  the  expulsion  of  the  bile  from  it.  I 
have  often  found  it  empty  in  animals  that  had  died  by  the  effects 
of  an  emetic  poison  ; but  in  no  case  have  I perceived  traces  of 
contractility,  either  in  the  gall-bladder,  or  in  the  hepatic  or  cystic 
ducts  : notwithstanding,  I have  tried  upon  these  parts  all  the  ex- 
citants which  throw  the  intestinal,  vesical,  &c.  contractions  into 
play  *. 

As  to  the  manner  in  which  the  bile  proceeds  from  the  liver 
towards  the  gall-bladder,  and  terminates  by  accumulating  there 
and  distending  it,  it  appears  that  this  depends  upon  the  disposi- 
tion of  the  ductus  choledochus,  which  becomes  a good  deal  con- 
tracted at  the  moment  in  which  it  penetrates  the  intestinal  parie- 
tes  ; the  bile  thus  encountering  some  difficulties  in  flowing  into  the 
duodenum,  flows  back  upon  the  cystic  duct,  which  offers  resistance. 

This  effect  is  also  produced  upon  the  dead  subject,  when  we  push 
gently  an  injection  along  the  hepatic  duct  ; namely,  the  liquid 
passes  partly  into  the  intestine,  and  partly  into  the  bladder  : pro- 
bably the  spiroid  valve  of  which  we  have  made  mention,  performs 
an  office  of  some  importance  either  to  the  entry  of  the  bile  into 
the  bladder,  or  to  its  exit  into  that  cavity. 

The  liver  receiving  venous  blood  at  the  same  time  by  the  vena  Opinions 
porta,  and  arterial  blood  by  the  hepatic  artery,  physiologists  havecretoiofbiie. 
been  very  eager  to  know  which  of  the  two  it  is  that  forms  the 
bile.  Several  have  said  that  the  blood  of  the  vena  porta,  having 
more  carbon  and  hydrogen  than  that  of  the  hepatic  artery,  is  more 
proper  for  furnishing  the  elements  of  bile.  Bichat  has  success- 
fully contested  this  opinion.  He  has  shown,  that  the  quantity  of 
arterial  blood,  which  arrives  at  the  liver,  is  more  in  relation  with  the 
quantity  of  bile  formed  than  the  quantity  of  the  venous  blood  ; that 
the  volume  of  the  hepatic  canal  is  not  in  proportion  with  the  vena 


In  birds,  the  gall-bladder  and  biliary  ducts  are  contractile. 
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porta  ; that  the  fat,  a fluid  much  hydrogenated,  is  secreted  by  the 
arterial  blood,  &c.  : he  might  have  added,  that  there  is  nothing  to 
prove  that  the  blood  of  the  vena  porta  has  more  analogy  with  the 
bile  than  the  arterial  blood.  We  shall  take  no  part  in  this  dis- 
cussion ; both  opinions  are  equally  destitute  of  proof.  Besides, 
nothing  rebuts  the  idea,  that  both  sorts  of  blood  may  serve  in  the 
secretion.  This  seems  to  be  indicated  by  anatomy  ; for  injections 
show  that  all  the  vessels  of  the  liver,  arterial,  venous,  lymphatic, 
and  excretory,  communicate  with  each  other. 

The  bile  contributes  very  usefully  in  digestion,  but  the  manner 
is  unknown.  In  our  present  ignorance  relative  to  the  causes  of 
diseases,  we  attribute  noxious  properties  to  the  bile,  which  it  is 
probably  far  from  possessing.'^ 

Secretion  of  urine. 

The  secretion  we  are  now  going  to  describe  is  different,  in  se- 
veral respects,  from  the  preceding.  The  liquid  which  results  from 
it  is  much  more  abundant  tlian  that  of  any  other  gland  ; in  place 
of  serving  in  any  internal  uses,  it  is  expelled;  its  retention  would 
be  attended  by  the  most  dangerous  consequences.  We  are  ad- 
vertised of  the  necessity  of  its  expulsion  by  a particular  feeling, 
which,  like  the  instinctive  phenomena  of  this  sort,  become  very 
painful  if  they  are  not  quickly  attended  to. 

Few  of  the  apparatus  of  secretion  are  so  complicated  as  that  of 
the  urine  ; it  is  composed  of  the  two  kidneys,  of  the  calices,  of  the 
pelvis,  of  the  ureters,  of  the  bladder,  and  the  urethra  ; besides, 
the  abdominal  muscles  contribute  to  the  action  of  these  different 
parts,  amongst  which  the  kidneys  alone  form  urine;  the  others 
serve  in  its  transportation  and  expulsion. 

Situated  in  the  abdomen,  upon  tbe  sides  of  the  vertebral  column, 
before  the  last  false  ribs  and  the  quadratus  limborum,  the  kid- 
neys are  of  small  volume  relatively  to  the  quantity  of  fluid  they 
secrete.  They  are  generally  surrounded  with  a great  deal  of  fat  ; 
their  parenchyma  is  composed  of  two  substances  ; tbe  one  exterior, 
vascular,  or  cortical  ; the  other  called  tubular,  disposed  in  a cer- 
tain number  of  cones,  tbe  base  of  which  corresponds  to  the  surface 
of  the  organ,  and  their  summits  unite  in  the  membranons  cavity 
called  pelvis.  Its  cones  appear  formed  by  a great  number  of  small 
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hollow  6bres,  which  are  excretory  canals  of  a particular  kind,  and 
which  are  generally  filled  with  urine. 

In  respect  of  its  volume,  no  organ  receives  so  much  blood  as  Quantity  of 
the  kidney.  The  artery  which  is  directed  there  is  large,  short,  and  goes  to  the 
proceeds  immediately  from  the  aorta  ; it  has  easy  communications 
with  the  veins  and  the  tubulous  substance,  as  may  be  easily  ascer- 
tained by  means  of  the  most  coarse  injections,  which,  being  thrown 
into  the  renal  artery,  pass  into  the  veins  and  into  the  pelvis,  after 
having  filled  the  cortical  substance. 

The  filaments  of  the  great  sympathetic  nerve  alone  are  distri-  Excretory 
i buted  to  the  kidneys.  Tlie  calices,  pelvis,  and  ureter,  form  toge-  idaneys. 
ther  a canal,  which  commences  in  the  kidneys,  where  it  embraces 
the  top  of  the  mammillary  processes,  and,  placed  at  the  sides  of  the 
vertebral  column,  it  goes  in  the  bottom  of  the  pelvis  to  the  blad- 
der, where  it  terminates.  This  last  organ  is  an  extensible  and  of  the  bladder 
contractile  sac,  intended  to  hold  the  fluid  secreted  by  the  kidneys,  thra. 
and  which  communicates  with  the  exterior  by  a canal  of  conside- 
rable length  in  man,  but  very  short  in  woman,  called  urethra. 

The  posterior  extremity  of  the  urethra  is,  in  man  only,  surround- 
ed by  the  prostate  gland,  which  is  considered  by  certain  anato- 
j mists  as  a collection  of  mucous  follicles.  Two  small  glands  placed 
j before  the  anus  pour  a particular  fluid  into  this  canal.  Two 
1 muscles  which  descend  from  the  pubis  towards  the  rectum,  pass 
j upon  the  sides  of  the  part  of  the  bladder  which  ends  in  the  ure- 
thra, approach  one  another  behind,  and  form  a small  arc,  which 
> surrounds  the  neck  of  the  bladder,  and  carries  it  more  or  less  up- 
'\  wards. 

j If  the  pelvis  be  cut  open  in  a living  animal,  the  urine  is  seen  to 

pass  out  slowly  by  the  summits  of  the  excretory  cones.  This  li-  *e  kidneys, 
quid  is  deposited  in  the  cavity  of  the  calices,  then  enters  that  of 
the  pelvis,  and  then  by  little  and  little  it  proceeds  into  the  ureter, 
through  the  whole  length  of  which  it  passes.  It  thus  arrives  at 
the  bladder,  into  which  it  penetrates  by  a constant  exudation,  as 
is  easy  to  be  observed  in  persons  affected  with  the  vicious  confor- 
mation called  retroversion  of  the  bladder,  in  which  the  internal 
I surface  of  this  organ  is  accessible  to  the  view. 

A slight  compression  upon  the  uriniferous  cones,  makes  the 
urine  pass  out  in  considerable  quantity  ; but  instead  of  being  lim- 
pid, as  when  it  passes  out  naturally,  it  is  muddy  and  thick.  It 
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Causes  which 
produce  the 
accumulation 
of  urine  in  the 
bladder. 


appears  then  to  be  filtered  by  the  hollow  fibres  of  the  tubular  sub- 
stance. 

Neither  the  pelvis  nor  the  ureter  being  contractile,  probably  the 
power  which  produces  the  motion  of  the  urine  is,  on  the  one  hand, 
that  by  which  it  is  poured  into  the  pelvis*,  and  on  the  other  the 
pressure  of  the  abdominal  muscles,  to  which  may  be  added,  when 
we  stand  upright,  the  weight  of  the  liquid. 

Under  the  influence  of  these  causes  the  urine  passes  into  the 
bladder,  and  slowly  distends  this  organ,  sometimes  to  a consider- 
able degree  ; this  accumulation  being  permitted  by  the  extensibility 
of  different  organs  f . 

How  does  the  urine  accumulate  in  the  bladder  ? Why  does  it 
not  flow  immediately  by  the  urethra?  and  why  does  it  not  flow 
back  into  the  ureter  ? The  answer  is  easy  for  the  ureters  : these 
tubes  pass  a considerable  distance  obliquely  in  the  substance  of  the 
walls  of  the  bladder.  In  proportion  as  the  urine  distends  this  or- 
gan, it  flattens  the  ureters,  and  shuts  them  so  much  more  firmly 
as  it  is  more  abundant.  This  takes  place  in  the  dead  body  as  well 


* Since  it  is  proved  that  the  heart  and  the  contraction  of  the  arteries  have 
a marked  influence  upon  the  course  of  the  blood  in  the  capillaries  and  in 
the  veins,  why  should  not  these  same  causes  act  on  the  motion  of  the  fluids 
in  separate  excretory  canals  ? 

Physiologists  have  long  compared  the  introduction  of  the  urine  into 
the  bladder,  to  that  of  a liquid  into  a cavity  with  resisting  sides,  by  a nar- 
row, vertical,  and  inflexible  canal  ; but  the  comparison  is  not  just.  In  the  sup- 
posed canal  the  liquid  flows,  and  continually  presses  the  liquid  contained  in 
the  canal  that  receives  it.  The  urine  does  not  flow  into  the  ureter;  it  sweats 
into  it,  and  in  this  respect  its  influence  upon  the  distention  of  the  bladder 
cannot  be  compared  to  that  which  the  weight  of  a liquid  would  produce. 
The  pressure  of  the  abdomen  must  have  a great  part  in  the  dilatation  of  the 
bladder  by  the  urine.  If  the  bladder  and  the  ureters  are  equally  pressed, 
this  is  sufficient  for  the  introduction  of  the  urine  into  the  bladder.  Sup- 
posing the  pressure  equal  in  all  the  points  of  the  abdomen,  if  the  surface  of 
the  pelvis  and  of  the  ureter  is  higher  than  that  of  the  bladder,  the  urine 
ought  to  enter  easily  into  it  ; but  the  abdominal  pressure  appears  to  be  much 
less  in  the  pelvis  than  in  the  abdomen  properly  so  called  ; so  that  it  is  easy 
to  understand  how  the  urine  passes  from  the  ureters  into  the  bladder. 

Nevertheless  the  distention  of  the  bladder  by  the  access  of  the  urine  is 
limited  ; v/hen  the  organ  contains  two  pints  or  more  of  urine,  the  distention 
stops,  and  the  ureters  dilate  in  their  turn,  from  the  inferior  towards  the  su- 
perior portion. 
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as  in  the  living  ; also,  a liquid,  or  even  air,  injected  into  the  blad- 
der, by  the  urethra,  never  enters  the  ureters.  It  is,  then,  by  a 
mechanism  analogous  to  that  of  certain  valves,  that  the  urine  does 
not  return  towards  the  kidneys. 

It  is  not  so  easy  to  explain  why  the  urine  does  not  flow  by  the 
urethra  ; several  causes  appear  to  contribute  to  this.  The  sides  of 
this  canal,  particularly  towards  the  bladder,  have  a continual  tend- 
ency to  contract,  and  to  lessen  the  cavity  ; but  this  cause  alone 
would  be  insufficient  to  resist  the  efforts  of  the  urine  to  escape,  when 
the  bladder  is  full.  In  the  dead  body,  in  which  the  canal  contracts 
nearly  in  the  same  manner,  it  has  but  a very  weak  resistance,  and 
does  not  prevent  the  passage  of  the  liquid  outwards,  though  the 
bladder  may  be  very  little  compressed. 

The  angle  of  the  bladder  with  the  urethra,  when  it  is  strongly 
distended,  may  also  present  an  obstacle  to  the  passage  of  the  urine  ; 
but  what  I believe  to  be  the  principal  cause,  is  the  contraction  of 
the  levator  muscles  of  the  anus*,  which,  either  by  the  disposition  to 
contraction  of  the  muscular  fibres,  or  by  their  contraction  under  the 
influence  of  the  brain,  press  the  urethra  upwards,  compress  its 
sides  with  more  or  less  force  against  each  other,  and  thus  shut  its 
posterior  orifice. 

Excretion  of  urine. 

As  soon  as  there  is  a certain  quantity  of  urine  in  the  bladder,  we 

I feel  an  inclination  to  discharge  it.  The  mechanism  of  this  expul- 
! sion  deserves  particular  attention,  and  has  not  always  been  pi’operly 
Ij  understood. 

II  If  the  urine  is  not  constantly  expelled,  this  ought  not  to  be  at-  Enpuision  of 

I j o ths  urine» 

]|  tributed  to  the  want  of  contraction  in  the  bladder,  for  this  organ 
j;  always  tends  to  contract  ; but,  by  the  influence  of  the  causes  that 
I we  have  noticed,  the  internal  orifice  of  the  urethra  resists  with  a 
I force  that  the  conti’action  of  the  bladder  cannot  surmount.  The 
! WÙ11  produces  this  expulsion — 1st,  by  adding  the  contraction  of  the 
I abdominal  muscles  to  that  of  the  bladder  ; 2dly,  by  relaxing  the 

f 


* I comprehend  in  these  the  fasciculus  which  directly  embraces  the  ure- 
thra, which  latterly  has  been  denominated  Wilson’s  muscle. 
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levatores  ani,  wliicii  sliiit  the  uretlira.  Tlie  resistance  of  this  canal 
being  once  overcome,  tlie  coniraction  of  the  bladder  is  sufficient  for 
the  com])lete  expulsion  of  the  urine  it  contained  ; but  tlie  action  of 
the  abdominal  muscles  may  be  added,  and  then  tlie  urine  passes 
out  with  much  greater  force.  We  may  also  stop  the  flowing  of  the 
urine  all  at  once,  by  contracting  the  levators  of  the  anus. 
rf'°biacider°not  contraction  of  the  bladder  is  not  voluntary,  though  by  act- 

voiuntary.  jjjg  qjj  abdominal  muscles,  and  the  levators  of  the  anus,  we  may 
cause  it  to  contract  when  we  choose. 

This  contraction  suffices  to  expel  the  urine.  I have  seen  dogs 
excrete  urine  with  their  abdomen  laid  open,  and  the  bladder  out  of 
the  reach  of  the  abdominal  muscles.  If  we  even  detach  in  a male 
dog  the  bladder,  the  prostate  gland,  and  a small  portion  of  the 
membranous  urethra,  after  some  moments  the  bladder  contracts, 
and  projects  the  urine  with  a distinct  jet,  till  that  liquid  is  entirely 
expelled. 

That  which  remains  in  the  urethra  after  the  bladder  has  ceased 
to  propel  it,  is  ejected  by  the  contraction  of  the  muscles  of  the  pe- 
rineum, and  particularly  by  those  of  the  bulb,  the  acceleratores 
urinae. 

Though  the  quantity  of  urine  is  very  copious,  and  though  it  con- 
tains several  proximate  principles  which  are  not  found  in  the  blood, 
and  consequently  a chemical  action  takes  place  in  the  kidneys,  the 
secretion  of  the  urine  is  nevertheless  very  rapid.  Its  principal 
properties  are  due  to  the  urea,  a matter  highly  azotized  and  pu- 
trescent. 

In  a state  of  health,  the  colour  of  the  urine  is  yellow  ; its  taste  is 
salt,  and  a little  bitter  : its  odour  is  peculiar  to  itself.  It  is  com- 
Chemicai  pro- posed  of  Water,  of  mucus,  which  probably  proceeds  from  the  mu- 

T)è»rt.îp.<»  of  * . r 1 • 1 

COUS  membrane  of  the  urinary  ducts,  of  another  animal  matter,  of 
uric  acid,  of  phosphoric  acid,  of  lactic  acid,  of  muriate  of  soda  and 
ammonia,  phosphate  of  soda,  of  ammonia,  of  lime,  of  magnesia,  of 
sulphate  of  potass,  of  lactate  of  ammonia,  and  of  silex.^ 

The  physical  properties  of  urine  are  subject  to  great  variations. . 
If  rhubarb  or  madder  has  been  used,  it  becomes  of  a deep  yellow, 
or  blood  red  ; if  one  has  breathed  an  air  charged  with  vapours  of 
oil  of  turpentine,  or  if  a little  rosin  has  been  swallowed,  it  takes  a 
violet  colour  ; the  disagreeable  odour  that  it  takes  by  the  use  of 
asparagus,  is  well  known. 


Action  of  the 
kidneys. 


Physical  pro- 
perties of 
urine. 


perties  of 
urine. 


Modifications 
of  the  physi- 
cal or  chemi- 
cal properties 
of  urine. 
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Its  cliemical  composition  is  not  less  variable.  The  more  use 
that  is  made  of  watery  beverages,  the  more  considerable  the  total 
quantity  and  proportion  of  water  becomes  ; if  one  drinks  little,  the 
contrary  happens. 

The  uric  acid  becomes  more  abundant  when  the  regimen  is  very 
substantial,  and  the  exercise  trifling;  this  acid  diminishes,  and  may 
even  disappear  altogether,  by  the  constant  and  exclusive  use  of 
unazotized  food,  such  as  sugar,  gum,  butter,  oil,  &c.  Certain 
salts,  carried  into  the  stomach,  even  in  small  quantity,  are  found 
in  a short  time  in  the  urine. 

The  extreme  rapidity  with  which  this  translation  takes  place, 
has  made  it  be  supposed  there  is  a direct  communication  between 
the  stomach  and  the  bladder:  even  now  there  are  considerable 
numbers  of  partisans  in  favour  of  this  opinion. 

It  is  not  yet  long  since  a direct  canal  from  the  stomach  to  the 
bladder  was  supposed  to  exist,  but  this  [tassage  has  no  existence  ; 
others  have  supposed,  without  giving  any  proof,  that  the  passage 
took  place  by  the  cellular  tissue,  by  the  anastomoses  of  the  lym- 
phatic vessels,  &c. 

Darwin  having  given  to  a friend  several  grains  of  nitrate  of  po-  Passage  of 
tass,  in  half  an  hour  he  let  blood  of  him  and  collected  his  urine  : the  the  stomach 
salt  was  found  in  the  urine,  but  not  in  the  blood.  Mr  Brand  made 
similar  observations  with  prussiate  of  potass  ; he  concluded  from 
it  that  the  circulation  is  not  the  only  means  of  communication 
between  the  stomach  and  the  urinary  organs,  but  without  giving 
any  explanation  of  the  existing  means.  Sir  Everard  Home  is  also 
of  this  opinion. 

I have  made  experiments  in  order  to  clear  up  this  important  Experiments 
question,  and  I have  found,  1st,  that  whenever  prussiate  of  po- secretion  of 
tass  is  injected  into  the  veins,  or  absorbed  in  the  intestinal  canal,  or 
by  a serous  membrane,  it  very  soon  passes  into  the  bladder,  where 
it  is  easily  recognised  amongst  the  urine  ; 2dly,  that  if  the  quan- 
tity of  prussiate  injected  be  considerable,  the  tests  can  discover  it 
in  the  blood  ; but  if  the  quantity  be  small,  its  presence  cannot  be 
recognised  by  the  usual  means  ; 3dly,  that  the  same  result  takes 
place  by  mixing  prussiate  and  blood  together  in  a vessel  ; 4thly, 
that  the  same  salt  is  recognised  in  all  proportions  in  the  urine-  It 
is  not  extraordinary,  then,  that  Darwin  and  Mr  Brand  did  not 
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find  in  the  blood  the  substance  that  they  distinctly  perceived  in  the 
urine. 

With  regard  to  the  organs  that  transport  the  liquids  of  the  sto- 
mach and  intestines  into  the  circulating  system,  it  is  evident,  ac- 
cording to  what  we  have  said  in  speaking  of  the  chyliferous  vessels, 
and  the  absorption  by  the  veins,  that  these  liquids  are  directly  ab- 
sorbed by  the  latter,  and  transported  ,by  them  to  the  liver  and  the 
heart  ; so  that  the  direction  which  these  liquids  follow,  in  order  to 
reach  the  veins,  is  much  shorter  than  is  generally  admitted,  viz. 
by  the  lymphatic  vessels,  the  mesenteric  glands,  and  the  thoracic 
duct. 

Experiment  has  yielded  several  results  relative  to  the  secretion 
of  urine,  which  I must  not  pass  over  in  silence. 

Extraction  of  one  kidney  from  a dog,  does  not  impair  the  health 
of  the  animal  : it  merely  appears  that  the  secretion  of  urine  is  aug- 
mented, and  that  it  is  effected  with  greater  rapidity. 

Extraction  of  the  two  kidneys  infallibly  destroys  the  animal  in 
the  space  of  two,  three,  four,  or  five  days  : I have  for  a long  time 
observed,  that  in  this  case  the  secretion  of  the  bile  becomes  aug- 
mented, in  a proportion  truly  extraordinary  ; the  stomach  and  in- 
testines being  literally  filled  with  it. 

A fact  of  the  highest  importance  has  been  discovered  by  MM. 
Pi’evost  and  Dumas  : after  the  extraction  of  the  two  kidneys,  a 
notable  quantity  of  urea  is  found  in  the  blood,  so  that  the  kidneys 
are  not  the  generating  organs  of  that  substance,  as  is  generally 
thought,  but  simply  separate  it  from  the  mass  of  blood  in 
which  it  is  formed.  This  fact  has  lately  been  verified  by  MM. 
Vauquelin  and  Segalas  : the  latter  has  besides  observed,  that  the 
introduction  of  urea  into  the  blood  excites  the  secretion  of  urine, 
to  so  great  an  extent,  indeed,  that  he  considers  urea  an  excellent 
diuretic. 

Explanation  In  explaining  the  glandular  secretions,  physiologists  have  given 
full  scope  to  their  imagination.®  The  glands  have  been  succes- 
sively considered  as  sieves,  filters,  as  a focus  of  fermentation. 
Bordeau,  and,  more  recently,  Bichat,  have  attributed  a peculiar 
motion  and  sensibility  to  their  particles,  by  which  they  choose,  in 
the  blood  which  traverses  them,  the  particles  that  are  fit  to  enter 
into  the  fluids  that  they  secrete.  Atmospheres  and  compartments 
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have  been  allotted  to  them  ; they  have  been  supposed  susceptible 
ot  erection,  of  sleep,  &c.  Notwithstanding  the  efforts  of  many 
learned  men,  the  truth  is,  that  what  passes  in  a gland  when  it  acts 
is  entirely  unknown.  Chemical  phenomena  necessarily  take 
place. 

Several  secreted  fluids  are  acid,  whilst\the  blood  is  alkaline  ; 
the  most  of  them  contain  proximate  principles  which  do  not  exist 
in  the  blood,  and  which  are  formed  in  the  glands;  but  the  parti- 
cular mode  of  these  combinations  is  unknown. 

We  must  not,  however,  confound  amongst  these  suppositions 
upon  the  action  of  the  glands,  an  ingenious  conjecture  of  Doctor 
Wollaston.  This  learned  man  supposes  that  very  weak  electricity 
may  have  a marked  influence  upon  the  secretions  : he  rests  his 
opinion  upon  a curious  experiment,  of  which  we  shall  here  give  an 
account. 

Doctor  Wollaston  took  a glass  tube,  two  inches  long,  and  three  Experiments 
quai’ters  of  an  inch  diameter  ; he  closed  one  of  its  extremities  with  glandular  se- 
a bit  of  bladder.  He  poured  a little  water  into  the  tube,  with 
aio  weight  of  muriate  of  soda  ; he  wet  the  bladder  on 

the  outside,  and  placed  it  on  a piece  of  silver  ; he  then  bent  a 
zinc  wire,  so  that  one  of  its  ends  touched  the  silver,  and  the  other 
entered  the  tube  the  length  of  an  inch.  In  the  same  instant  the 
external  surface  of  the  bladder  gave  indications  of  the  presence  of 
pure  soda  ; so  that,  under  the  influence  of  this  very  weak  electri- 
city, there  was  a decomposition  of  muriate  of  soda,  and  a passage 
of  the  soda,  separated  from  the  acid,  through  the  bladder.  Dr 
j Wollaston  thinks  it  is  not  impossible  that  something  analogous 
may  happen  in  the  secretions  ; but  before  admitting  this  idea,  many 
other  proofs  are  necessary. 

Several  organs,  such  as  the  thyroid  and  thymus  bodies,  the 
spleen,  the  supra-renal  capsules,  have  been  called  glands  by  many 
anatomists  : Professor  Chaussier  has  substituted  for  this  denomi- 
I nation  that  of  the  glandiform  ganglions.  The  use  of  these  parts 
is  entirely  unknown.  As  they  are  generally  more  voluminous  in 
the  fetus,  they  are  supposed  to  have  important  functions,  but  there 
exists  no  proof  of  it.  Works  of  Physiology  contain  a great  many 
hypotheses  intended  to  explain  their  functions. 
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OF  NUTRITION. 

We  know  tliat  the  blood  supplies  all  the  secretions,  internal  and 
external  ; that  it  is  renewed  by  general  absorption,  and  by  that  of 
the  chyle  and  the  drinks  : it  now  remains  for  us  to  study  what 
takes  place  in  the  parenchyma  of  the  organs,  and  the  tissues,  during 
the  continuation  of  life,  namely,  nutrition  properly  so  called. 

From  the  state  of  the  embryo  to  the  most  advanced  old  age,  the 
weight  and  volume  of  the  body  are  almost  continually  changing  ; 
the  different  parenchymata  and  tissues  present  infinite  variations  in 
their  consistence,  colour,  elasticity,  and  sometimes  their  chemical 
composition.  The  volume  of  the  organs  augments  when  they  are 
often  in  action  ; on  the  contrary,  their  size  diminishes  when  they 
remain  long  at  rest.  By  the  influence  of  one  or  other  of  these 
causes,  their  chemical  and  physical  properties  present  remarkable 
variations.  Many  diseases  often  produce,  in  a very  short  time, 
remarkable  changes  in  the  exterior  conformation,  and  in  the  struc- 
ture of  a great  number  of  organs. 

If  madder  be  mixed  with  the  food  of  an  animal,  in  fifteen  or 
twenty  days  the  bones  present  a red  tint,  which  disappears  when 
the  use  of  it  is  left  oft'. 

There  exists,  then,  in  the  organs,  an  insensible  motion  of  the 
particles,  which  produces  all  these  modifications.  It  is  this  in- 
terior motion,  unknown  in  its  nature,  that  is  called  nutrition,  or 
nutritive  action. 

This  phenomenon,  which  the  observing  spirit  of  the  ancients 
had  not  permitted  to  escape,  was  to  them  the  object  of  many  in- 
genious suppositions  that  ai’e  still  admitted  : For  example,  it  is 
said  that,  by  means  of  the  nutritive  action,  the  whole  body  is  re- 
newed, so  that,  at  a certain  period,  it  does  not  possess  a single 
particle  of  the  matter  that  composed  it  formerly.  Limits  have 
even  been  assigned  to  this  total  renewal  ; some  have  fixed  the  period 
of  three  years,  others  think  it  not  complete  till  seven  : but  there 
is  nothing  to  give  probability  to  these  conjectures  ; on  the  contrary, 
certain  well  proved  facts  seem  to  render  them  of  no  avail. 

It  is  well  known  that  soldiers,  sailors,  and  several  savage  people, 
colour  their  skins  with  substances  which  they  introduce  into  the 
tissue  of  this  membrane  itself  ; the  figures  thus  traced  preserve 
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tlieir  form  and  colour  during  their  lives,  should  no  particular  cir- 
cumstances occur.  How  can  this  phenomenon  agree  with  the  re- 
newal of  the  skin  according  to  these  authors  * ? 

In  resting  on  the  suppositions  of  which  we  have  spoken,  it  is 
admitted,  in  the  metaphorical  language  now  used  in  some  works 
of  physiology,  that  the  atoms  of  the  orgaiis  can  only  serve  for  a 
certain  period  in  their  composition  ; but  in  time  they  become 
worn,  and  at  last  improper  to  enter  into  their  composition;  and 
that  they  are  then  absorbed  and  replaced  by  new  atoms  proceeding 
from  the  food. 

It  is  added,  that  the  animal  matters,  of  which  our  excretions 
are  composed,  are  the  detritus  of  the  organs,  and  that  they  are 
principally  composed  of  atoms  that  can  no  longer  serve  in  their 
composition^  ike.  &c. 

Instead  of  discussing  these  hypotheses,  we  shall  mention  a few 
facts  from  which  we  have  some  idea  of  the  nutritive  movement. 

A.  In  respect  to  the  rapidity  with  which  the  organs  change  Remarks  up- 
their  physical  and  chemical  properties  by  sickness  or  age,  it  ap- 
pears that  nutrition  is  more  or  less  rapid  according  to  the  tissues. 

The  glands,  the  muscles,  the  skin,  &c.,  change  their  volume, 
colour,  consistence,  with  great  quickness  ; the  tendons,  the  fibrous 
membranes,  the  bones,  the  cartilages,  appear  to  have  a much 
slower  nutrition,  for  their  physical  properties  change  but  slowly  by 
the  effect  of  age  and  disease. 

B.  If  we  consider  the  quantity  of  food  consumed  proportionally 
to  the  weight  of  the  body,  the  nutritive  movement  seems  more 
rapid  in  infancy  and  youth  than  in  the  adult  and  in  old  age  ; it 
is  accelerated  by  the  repeated  action  of  the  organs,  and  retarded 
by  i-epose.  Indeed,  children  and  young  people  consume  more 
food  than  adults  and  old  people  : these  last  can  preserve  all  their 
faculties  by  the  use  of  a very  small  quantity  of  food.  All  the  ex- 


* The  recent  exhibition  of  nitrate  of  silver  internally,  in  the  cure  of  epi- 
lepsy, furnishes  a new  proof  of  this  kind.  After  the  use  of  this  substance 
for  some  months,  sick  persons  have  had  their  skin  coloured  of  a greyish 
blue,  probably  by  a deposition  of  the  salt  in  the  tissue  of  this  membrane, 
where  it  is  immediately  in  contact  with  the  air.  Several  individuals  have 
been  in  this  state  for  some  years  without  the  tint  becoming  weaker  ; whilst 
in  others  it  has  diminished  by  degrees,  and  disappeared  in  two  or  three  years. 
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ercises  of  the  body,  and  hard  labour,  require  necessarily  a greater 
quantity,  or  more  nutritive  food  ; on  the  contrary,  perfect  repose 
permits  of  longer  abstinence. 

C.  Blood  appears  to  contain  most  of  the  principles  neces- 
sary to  the  nutrition  of  the  organs  ; the  fibrin,  the  albumen,  the 
fat,  the  salts,  &c.,  that  enter  into  the  composition  of  the  tissues, 
are  found  in  the  blood.  They  appear  to  be  deposited  in  their  pa- 
renchyma at  the  instant  when  the  blood  traverses  them  ; the  man- 
ner in  which  this  deposit  takes  place  is  entirely  unknown.  There 
is  an  evident  relation  between  the  activity  of  the  nutrition  of  an 
organ  and  the  quantity  of  blood  it  receives.  The  tissues  that  have 
a rapid  nutrition  have  larger  arteries  ; when  the  action  of  an  organ 
has  determined  an  acceleration  of  its  nutrition,  the  arteries  increase 
in  size. 

Some  proximate  principles  which  enter  into  the  composition  of 
the  organs  are  not  found  in  the  blood  : as  osmazome,  the  cerebral 
matter,  gelatine,  &c.  They  are,  therefore,  formed  from  other 
principles  in  the  parenchyma  of  the  organs,  in  some  chemical  but 
unknown  manner,  but  wliich  is  nevertheless  real,  and  must  ne- 
cessarily have  the  effect  of  evolving  heat  and  electricity. 

D.  Since  chemical  analysis  has  made  known  the  nature  of  the 
different  tissues  of  the  animal  economy,  they  have  been  all  found 
to  contain  a considerable  portion  of  azote.  Our  food  being  also 
partly  composed  of  this  simple  body,  the  azote  of  our  organs  like- 
wise probably  comes  fiom  them  ; but  several  eminent  authors 
iliink  that  it  has  its  source  in  respiration  ; others  believe  that  it  is 
formed  by  the  influence  of  life  solely.  Both  parties  insist  parti- 
cularly upon  the  example  of  the  herbivorous  animals,  which  are 
supported  exclusively  upon  non-azotized  matter  ; upon  the  history 
of  certain  people  tha^live  entirely  upon  rice  and  maize  ; upon  that 
of  Negroes,  who  can  live  a long  time  without  eating  any  thing  but 
sugar;  lastly,  upon  what  is  related  of  caravans,  which,  in  travers- 
ing the  deserts,  have  for  a long  time  had  only  gum  in  place  of 
every  sort  of  food.  Were  it  indeed  proved  by  these  facts,  that 
men  can  live  a long  time  without  azotized  food,  it  rvould  be  ne- 
cessary to  acknowledge  that  azote  has  an  origin  different  from  the 
food  ; but  the  facts  cited  by  no  means  prove  this.  In  fact,  almost 
all  the  vegetables  upon  which  man  and  the  animals  feed  contain 
more  or  less  azote  ; for  example,  the  impure  sugar  that  the  Negroes 
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eat  presents  a considerable  proportion  of  it  ; and  with  regard  to 
the  people,  as  they  say,  who  feed  upon  rice  or  maize,  it  is  well 
known  that  they  add  milk  or  cheese  ; now  casein  is  the  most  azo- 
tized  of  all  the  nutritive  proximate  principles. 

I have  thought  that  we  might  acquii-e  some  exact  notions  on  this 
subject,  by  submitting  animals,  during  a necessary  time,  to  the  use 
of  food,  of  which  the  chemical  composition  should  be  known. 

Dogs  are  very  proper  for  these  experiments  ; they  live,  like  man, 
equally  well  upon  vegetable  and  animal  substances. 

It  is  well  known  that  a dog  can  live  a long  time  upon  bread 
alone  ; but  by  thus  feeding  it  nothing  can  be  concluded  relative  to 
the  production  of  azote  in  the  animal  economy,  for  the  gluten  that 
bread  contains  is  very  full  of  azote.  To  obtain  a very  satisfactory 
result,  it  must  be  necessary  to  feed  one  of  these  animals  upon  a 
nutritive  substance  that  contains  no  azote. 

For  this  purpose,  I took  a small  dog  of  three  years  old,  fat,  and  Experiments 
in  good  health,  and  put  it  to  feed  upon  sugar  alone,  and  gave  it  dis-  «on. 

I tilled  water  to  drink  : it  had  as  much  as  it  chose  of  both. 

It  appeared  to  thrive  very  well  in  this  way  of  living  the  first 
seven  or  eight  days  ; it  was  brisk,  active,  ate  eagerly,  and  drank 
in  its  usual  manner.  It  began  to  get  meagre  upon  the  second 
week,  though  it  had  always  a good  appetite,  and  took  about  six  or 
eight  ounces  of  sugar  in  twenty-four  hours.  Its  alvine  excretions 
j were  neither  frequent  nor  copious  ; that  of  the  urine  was  very 
abundant. 

In  the  third  week  its  leanness  increased,  its  strength  diminished, 
the  animal  lost  its  liveliness,  and  its  appetite  was  much  lessened. 

At  this  period  there  was  developed,  first  upon  one  eye,  and  then 
i|  upon  the  other,  a small  ulceration  in  the  centre  of  the  transparent 
cornea  ; it  increased  very  quickly,  and  in  a few  days  it  was  more 
than  a line  in  diameter  ; its  depth  increased  in  the  same  proportion  ; 
the  cornea  was  very  soon  entirely  perforated,  and  the  humours  of 
the  eye  ran  out.  This  singular  phenomenon  was  accompanied  with 
an  abundant  secretion  of  the  glands  of  the  eyelids. 

It,  however,  became  weaker  and  weaker,  and  lost  its  strength  ; 
and  though  the  animal  took  from  three  to  four  ounces  of  sugar  every 
day,  it  became  at  length  so  weak  that  it  could  neither  chew  nor 
swallow  ; for  the  same  reason  every  other  motion  was  impossible. 

It  expired  the  thirty-second  day  of  the  experiment.  I opened  it 
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with  every  suitable  precaution  ; I found  a total  want  of  fat  ; the 
muscles  were  reduced  by  more  than  five-sixths  of  their  ordinary 
size  ; the  stomach  and  the  intestines  were  also  much  diminished  in 
volume,  and  strongly  contracted. 

The  gall  and  urinary  bladders  were  distended  by  their  proper 
fluids.  I begged  M.  Chevreul  to  examine  them  ; he  found  in  them 
nearly  all  the  characters  that  belong  to  the  urine  and  the  bile  of 
herbivorous  animals  ; that  is,  that  the  urine,  in  place  of  being  acid, 
as  it  is  in  carnivorous  animals,  was  sensibly  alkaline,  and  presented 
no  trace  of  uric  acid,  nor  of  phosphate.  The  bile  contained  a con- 
siderable portion  of  picromel,  a character  thought  peculiar  to  the 
bile  of  the  ox,  and,  in  general,  to  that  of  herbivorous  animals.  The 
excrements,  that  were  also  examined  by  M.  Chevreul,  contained 
very  little  azote,  whilst  they  generally  present  a great  deal. 

Such  a result  required  to  be  proved  by  new  experiments.  I 
submitted  a second  dog  to  the  same  regimen  as  the  former,  that 
is,  to  sugar  and  distilled  water.  The  phenomena  that  I observed 
were  exactly  similar  to  those  I have  just  described  ; the  only  dif- 
ference was,  that  the  eyes  did  not  begin  to  ulcerate  until  towards 
the  twenty-fifth  day,  and  the  animal  died  before  they  had  time  to 
empty  themselves,  as  had  happened  to  the  first  dog,  the  subject 
of  the  first  experiment  : in  other  respects,  there  was  the  same 
emaciation,  the  same  weakness,  followed  by  death  on  the  thirty- 
fourth  day  of  the  experiment  ; and,  on  opening  the  dead  body, 
there  was  the  same  state  of  the  muscles  and  of  the  abdominal  vis- 
cera ; and,  above  all,  the  same  character  of  the  excrements,  the  bile, 
and  the  urine. 

A third  experiment  produced  similar  results,  and  thence  I con- 
sidered sugar  incapable  of  supporting  dogs  of  itself. 

This  want  of  the  nutritive  quality  might  be  peculiar  to  sugar; 

I thought  it  important  to  ascertain  if  other  substances  not  azotized, 
but  generally  considered  as  nourishing,  produced  similar  effects. 

I took  two  young  and  strong  dogs,  though  of  a small  size;  I 
gave  them  for  their  food  very  good  olive-oil  and  distilled  water  ; 
they  appeared  to  live  well  on  it  for  about  fifteen  days  ; but  they 
afterwards  underwent  the  same  series  of  accidents  that  -I  have 
mentioned  in  speaking  of  the  animals  that  ate  the  sugar.  They, 
however,  suffered  no  ulceration  of  the  cornea  ; they  both  died 
towards  the  thirty-sixth  day  of  the  experiment.  With  regard  to  the 
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state  of  the  organs,  and  that  of  tlie  composition  of  the  urine  and 
the  bile,  they  presented  the  same  phenomena  as  the  preceding. 

Gum  is  another  substance  that  contains  no  azote,  but  which  is 
considered  very  nourishing.  It  may  be  supposed  to  act  like  sugar 
and  oil,  but  this  ought  to  be  directly  ascertained.  In  this  view,  I 
have  fed  several  dogs  with  gum,  and  the  phenomena  I observed  did 
not  differ  sensibly  from  those  that  I have  mentioned. 

I have  lately  repeated  the  experiment,  by  feeding  a dog  with 
butter,  an  animal  substance  free  of  azote  : like  the  other  animals,  it 
was  supported  by  this  food  very  well  at  first  ; but  in  about  fifteen 
days  it  began  to  grow  lean,  and  lost  its  strength  ; it  died  the  thirty- 
sixth  day,  although,  on  the  thirty-fourth  day,  I gave  it  as  much  flesh 
as  it  would  eat,  a considerable  quantity  of  which  it  took  for  two 
days.  The  right  eye  of  this  animal  presented  the  same  ulceration 
of  the  cornea  which  I noticed  on  those  that  were  fed  on  sugar. 
The  opening  of  the  body  presented  the  same  modifications  of  the 
bile  and  urine. 

Though  the  nature  of  the  excrements  of  the  different  animals  of 
which  I have  spoken,  gave  indication  that  they  digested  the  sub- 
stances used  by  them,  I wished  to  ascertain  it  in  a more  positive 
manner  : on  this  account,  after  having  given  to  dogs  separately, 
oil,  gum,  or  sugar,  I opened  them,  and  I found  that  these  substan- 
ces were  each  reduced  to  a particular  chyme  in  the  stomach,  and 
that  they  afterwards  furnished  an  abundant  chyle  : that  which  pro- 
ceeds from  oil  is  a distinct  milky  white  ; the  chyle  that  proceeds 
from  gum,  or  sugar,  is  transparent,  opaline,  and  more  watery  than 
that  of  oil.  It  is  then  evident  that  if  these  different  substances  are 
not  nourishing,  it  cannot  be  attributed  to  tbe  want  of  digestion. 

These  facts®  appear  important  in  several  respects  ; first,  they 
make  it  very  probable  that  the  azote  of  the  organs  is  produced  by 
the  food  ; and  they  are  very  proper  to  clear  up  the  causes  and  treat- 
ment of  gout  and  gravel  *. 


• Persons  seized  with  these  diseases  are  generally  great  eaters  of  flesh, 
offish,  of  food  prepared  with  milk,  and  other  substances  that  contain  a great 
deal  of  azote.  The  most  frequent  forms  of  the  gravel,  the  calculus  of  the 
bladder,  of  the  arthritic  tophus,  are  formed  by  uric  acid,  a principle  which 
contains  a great  deal  of  azote.  By  lessening,  in  the  regimen,  the  quantity 
of  azotized  food,  these  diseases  are  prevented. 
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Since  the  publication  of  these  facts  in  the  former  edition  of  this 
work,  I have  been  enabled  to  establish  some  other  very  important 
facts,  which  show  how  limited  our  knowledge  still  is  with  respect 
to  the  phenomenon  of  nutrition. 

1.  A dog,  eating  at  discretion  pure  wheaten  bread,  and  drink- 
ing at  pleasure  common  water,  does  not  live  above  fifty  days  : he 
expires  at  that  period,  with  all  the  known  marks  of  final  decay  re- 
corded above. 

2.  A dog,  eating  exclusively  of  soldier’s  biscuit  [pain  bis  mili- 
taire, or  munition),  lives  very  well,  and  his  health  is  not  in  any 
degree  impaired. 

3.  A rabbit  or  guinea  pig  fed  upon  one  single  substance,  as 
wheat,  oats,  barley,  carrots,  dies  with  all  the  appearances  of  inani- 
tion, ordinarily  after  the  fifteenth  day,  and  sometimes  a good  deal 
sooner.  Fed  with  the  same  substances,  simultaneously  or  succes- 
sively, at  short  intervals,  these  animals  both  live  and  thrive. 

4.  An  ass  to  which  I had  ordered  to  be  given  dry  rice,  and  af- 
terwards rice  boiled  in  water,  because  he  refused  the  former,  only 
survived  fifteen  days.  During  the  last  days  he  constantly  refused 
to  eat  the  rice.  A cock  was  fed  upon  boiled  rice  for  several 
months,  and  preserved  his  health. 

5.  Some  dogs,  fed  exclusively  upon  cheese,  and  others  upon 
liard  eggs,  lived  a long  time,  but  they  were  weak,  meagre  : they 
lost  their  hair,  and  their  appearance  announced  an  imperfect  nutri- 
tion. 

6.  The  substance  which,  given  alone,  supports  life  longest  in  tlie 
Rodentes,  is  muscular  flesh. 

7.  One  of  the  most  remarkable  facts  which  I ascertained  was 
the  following.  If  an  animal  has  lived  during  a certain  time  upon 
a substance  which,  taken  alone,  cannot  nourish  it;  wheaten  bread, 
for  instance,  during  forty  days  ; it  will  be  in  vain  at  that  period  to 
change  the  diet,  and  return  to  its  ordinary  regimen.  The  animal 
will  devour  with  avidity  the  new  meats  presented  to  it  ; but  it  will 
continue  to  decay,  and  its  death  will  nevertheless  anive  at  the  pe- 
riod at  which  it  would  have  happened,  if  the  creature  had  conti- 
nued its  exclusive  regimen  without  interruption. 

8.  The  most  general,  and  the  most  important  consequence  to 
be  deduced  from  tliese  facts,  which  it  would  be  worth  while  to 
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follow  up  and  investigate  anew,  is,  that  diversity  and  multiplicity 
of  aliments,  is  an  important  rule  of  the  hygieiue  ; which  is,  more- 
over, indicated  to  us  by  our  instincts,  and  by  the  variation  induced 
by  the  seasons  over  all  nature,  particularly  in  the  species  of  alimen- 
tary substances.  ^ 

E.  The  experiments  which  I have  recently  instituted  upon  the  Experiments 

fifth  pair  of  nerves,  conducted  me  to  singular  results  relative  to  the  «on'of'the 
<■1 

nutrition  or  the  eye. 

When  the  trunk  of  that  nerve  is  cut  through  within  the  cranium, 
a little  after  its  passage  over  the  petrous  portion  of  the  temporal 
bone  ; twenty-four  hours  after  the  section,  the  cornea  becomes 
muddy  on  its  surface,  and  a large  uoeh,  or  cloud,  is  formed.  After 
forty-eight  or  sixty  hours,  this  part  is  become  completely  opake  ; 
the  conjunctiva,  and  also  the  iris,  being  inflamed. 

In  the  interior  chamber  there  is  deposited  a muddy  fluid,  and 
false  membranes,  proceeding  from  the  posterior  aspect  of  the  iris  ; 
the  lens  itself  and  the  vitreous  humour  begin  to  lose  their  trans- 
parency, which,  at  the  end  of  some  days,  has  vanished  entirely. 

Eight  days  after  the  division  of  the  nerves,  the  cornea  is  detached 
from  the  sclerotic,  and  the  humours  of  the  eye  which  have  remained 
liquid  escape  by  the  opening.  The  organ  diminishes  in  volume, 
gradually  wastes,  and  finishes,  in  fact,  by  becoming  a sort  of  tu- 
bercle, filled  with  a matter  in  appearance  resembling  cheese, 
j The  nutrition  of  the  eye,  therefore,  is  evidently  under  the  ner- 
! vous  influence. 

I The  case  is  not  the  same  with  the  lachrymal  gland,  which,  not- 
; withstanding,  receives  a special  branch  from  the  fifth  pair,  under 
the  name  of  the  lachrymal  nerve.  This  branch,  in  place  of  wasting 
j and  decaying  like  the  eye,  seems  to  acquire  a more  active  nutri- 
I tion,  at  least  its  size  is  sensibly  augmented  fifteen  days  after  the 
I division  of  the  nerve. 

! F.  A considerable  number  of  tissues  in  the  economy  appear  to  Remarks 
i|  have  no  nutrition,  properly  so  called  ; as  the  epidermis,  the  nails,  tmm 
the  hair,  the  teeth,  the  colouring  matter  of  the  skin,  and  perhaps 
the  cartilages.^ 

] These  different  parts  are  really  secreted,  by  particular  organs,  as 
I the  teeth  and  the  hair  ; or  by  pai  ts  which  have  other  functions  at 
the  same  time,  as  the  nails  and  the  epidermis.  The  most  of  the 
I parts  formed  in  this  mode  wear  by  the  friction  of  exterior  bodies, 

,1  and  are  constantly  renewed  ; if  they  are  entirely  carried  away,  they 
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are  capable  of  reproduction.  A very  singular  fact  is,  that  they  con- 
tinue to  grow  several  days  after  death  : w_e  have  seen  a similar  phe- 
nomenon with  regard  to  the  mucus. 

G.  Certain  substances,  but  particularly  iodine,  appear  to  have  a 
marked  influence  over  nutrition.  Their  use  accelerates  or  dimi- 
nishes it.  This  last  effect  is  very  manifest  in  iodine,  and  merits 
especial  attention. 

After  this  short  account  of  the  principal  nutritive  phenomena, 
we  must  examine  a very  important  appearance,  which  seems  inti- 
mately connected  with  nutrition,  hut  which  has  always  very  close 
relations  with  respiration  : I mean  the  production  of  heat  in  the 
body  of  man. 


Of  animal  heat?- 

An  inert  body  which  does  not  change  its  position,  being  placed 
amongst  other  bodies,  very  soon  assumes  the  same  temperature,  on 
account  of  the  tendency  of  caloric  to  an  equilibrium.  The  body 
of  man  is  very  different  : surrounded  by  other  bodies  hotter  than 
itself,  it  preserves  its  inferior  temperature  as  long  as  life  continues  ; 
and  when  surrounded  with  bodies  of  a lower  temperature,  it  still 
maintains  its  temperature  more  elevated.  There  are  then  in  the 
animal  economy  two  different  and  distinct  properties,  the  one  of 
producing  heat,  the  other  of  producing  cold.  We  shall  examine 
these  two  properties  let  us  first  see  how  heat  is  produced. 

Respiration  appears  to  be  the  principal,  or  at  least  the  most  evi- 
dent, source  of  animal  heat.  In  fact,  experience  demonstrates  that 
the  heat  of  the  blood  increases  nearly  a degree  in  traversing  the 
lungs  ; and  as  it  is  distributed  to  all  the  parts  of  the  body  fr  om  the 
lungs,  it  carries  the  heat  every  where  into  the  organs  ; for  we  have 
also  seen  that  the  heat  of  the  veins  is  less  than  that  of  the  arteries. 

This  development  of  heat  in  the  respiration  appears,  as  we  have 
already  said,  to  proceed  from  the  formation  of  carbonic  acid, 
whether  it  takes  place  directly  in  the  lungs,  or  happens  afterwards 
in  the  arteries,  or  in  the  parenchyma  of  the  organs.  Some  fine 
experiments  of  Lavoisier  and  M.  de  Laplace  lead  to  this  conclu- 
sion : they  placed  animals  in  a calorimeter,  and  compared  the 
quantity  of  acid  formed  by  the  respiration,  with  the  quantity  of 
heat  produced  in  a given  time  : except  a very  small  proportion, 
the  heat  produced  was  that  which  would  have  been  occasioned 
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by  the  generation  of  a quantity  of  carbonic  acid  which  was  formed 
from  combustion. 

The  experiments  of  MM.  Brodie,  Tliillaye,  and  Legallois,  have 
also  proved,  that  if  we  repress  the  respiration  of  an  animal,  either 
by  a fatiguing  posture,  or  by  artificial  respiisation,  the  temperature 
sinks,  and  the  quantity  of  carbonic  acid  given  out  diminishes.  In 
diseases  of  accelerated  respiration,  the  heat  increases  ; at  least  in 
particular  circumstances.  Respiration  is  therefore  the  focus  {foyer) 
from  whence  caloric  is  developed. 

Science  has  lately  acquired,  upon  the  question  of  animal  heat, 

I a precision  which  has  never  hitherto  been  attained  in  that  inves- 
tigation. M.  Despretz  has  instituted  a numerous  series  of  ex- 
[ perlinents  upon  the  comparison  of  the  heat  emitted  by  animals, 

! and  the  heat  disengaged  by  the  combustion  effected  in  the  interior 
of  the  lungs. 

I It  seems  perfectly  demonstrated  at  present,  that  respiration,  in  Experiment 
general,  produces  four-fifths  of  the  heat  of  herbivorous  animals  $ pretz  upon 
three-fourths  in  carnivorous  animals  : birds  present  almost  the  same 
! proportion. 

The  principal  source  of  animal  lieat  is  in  the  lungs,  as  has  already 
been  pointed  out  by  Lavoisier  and  Laplace  ; but  in  their  experiments, 
the  comparison  was  not  instituted  upon  the  same  individual 
I animals.  A guinea  pig  furnished  the  carbonic  acid,  and  another 
i animal  of  the  same  species  served  for  measuring  the  heat  ; so  that 
ii:  it  still  remained  to  set  on  foot  a number  of  detailed  experiments, 

I in  order  to  leave  no  longer  in  doubt  the  share  of  the  lungs  in  pro- 
» ducing  that  important  phenomenon  ; a circumstance  which  in- 
I;  duced  the  Academy  of  Sciences  to  propose  the  question  as  a prize. 

M.  Despretz  gained  this.  The  academy  demanded,  in  addition, 
to  determine  with  precision  the  heat  disengaged  in  the  combustion 
i of  carbon  : M.  Despretz  solved  both  questions  with  success  : we 
ij  shall  only  relate  here  what  appertains  to  physiology. 

The  animal  was  placed  in  a copper  box,  large  enough  to  con- 
iji  tain  it  without  confinement  ; this  box  has  a ledge,  into  which  the 
;l  cover  sinks  down  ; the  interval  between  the  box  and  the  lid  is 
i|i  filled  with  mercury  ; the  little  box  enclosing  the  animal  is  fixed  in 
j a copper  case  ; the  exact  weight  of  all  the  copper  employed  is 
known,  as  also  of  the.  pure  water  which  embraces  the  box  within 
■i|  which  is  the  animal.  All  this  apparatus  is  then  placed  upon  sup- 
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ports  of  very  dry  wood  ; the  animal  is  besides  separated  from  the 
copper  by  wicker  rods,  to  prevent  it  from  yielding  its  heat  to  the 
copper  by  communication  ; the  air  is  furnished  from  a gasometer 
exactly  graduated  ; tliis  air  passes  at  once  into  the  box,  in  suffi- 
cient time  to  be  there  at  the  moment  when  the  temperature  of  the 
water  is  taken,  in  the  same  state  as  at  the  end  of  tlie  experiment  ; 
the  temperature  of  the  water  is  ascertained  witli  great  precision. 
During  the  whole  time  of  the  experiment,  which  is  ordinarily 
about  two  hours,  the  air  has  access  to  the  animal  with  an  uniform 
velocity.  The  gas  which  has  been  respired  contains  ordinarily  six 
per  cent,  of  carbonic  acid.  This  is  determined  by  treating  the  air 
with  potass.  The  air  deprived  of  its  carbonic  acid,  is  then  analy- 
zed by  means  of  hydrogen.  Tlie  volume  of  air  furnished  to  the 
animal  during  two  hours,  was  95  to  105  pints  English,  or  2746 
to  3051  cubic  inches. 

I«^  EXPERtMENT. 

Three  guinea  pigs,  adult  females. 

Duration  of  the  experiment,  1 h.  45  m. 

tit-  f 10.085  oxygen. 

Volume  of  air  furnished,  about  9gr.44  — 48.026  S 37.941  azote. 


These  three  animals  elevated  the  temperature  from  23310g''-.5  of  wa. 
ter,  from  0°.63  ; whence  there  is  deduced, 


Oxygen  disappeared,  = of  the  acid  formed. 

Azote  disengaged,  = L?  of  the  oxygen  disappeared,  = of  acid 


Herbivorous  animals  exhibit  often  an  exhalation  of  azote  greater  than 
the  absorption  of  oxygen. 


According  to  the  experiment,  reduced  to  the  same  tem- 
perature, by  calculation,  


lit. 


Acid  formed, 

Oxygen  disappeared, 
Azote  disengaged,  ... 


2.687 

0.708 

1.675 


Animal  heat, 

Heat  due  from  formation  of  carbonic  acid. 
Heat  due  from  formation  of  water, 


100“ 


formed. 


2d  EXPERIMENT. 


Bitch  of  about  five  years. 

Duration  of  experiment,  1 h.  31  m. 

lit. 


10.0C8  oxygen. 
37.649  azote. 


Volume  of  air  furnished,  about  8°.60  — 47.657 


According  to  experiment,  reduced  to  same 
temperature, 
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lit. 

Acid  formed,  3.768 

Oxygen  disappeared, 1.806 

Azote  disengaged, 1.374 

Oxygen  disappeared,  = A-  of  the  azote  formed. 

Azote  disengaged,  = ^ of  the  oxygen  disappeg,red,  = of  acid  formed. 

Elevation  of  the  temperature,  253878^5  of  water,  1.10“ 

Animal  heat, 100“ 

Heat  due  to  formation  of  carbonic  acid,  ....  54.9  „ 

Heat  due  to  formation  of  water, 25.9  i 

Hd  EXPERIMENT. 

IMale  cat,  aged  2 years. 

Duration  of  experiment,  1 h.  30  m. 

Ot.  ( 10.055  oxygen. 

Volume  of  air  furnished,  about  ^4  — 47.883  | 37.828  azote. 

( 2.059  acid. 

Volume  after  the  respiration, 48.022  -(  7.122  oxygen. 

‘ (38.841  azote. 

Acid  formed,  2-059 

Oxygen  disappeared,  0.874 

Azote  disengaged, 1.013 

Oxygen  disappeared,  = of  acid  formed. 

Azote  disengaged,  = of  oxygen  disappeared,  = of  acid  formed. 
Elevation  of  temperature  of  253878^-5  of  water,  0.57“,  hence 

Animal  heat,  100° 

Heat  due  to  carbonic  acid  formed,  57.8  I of,  o 

Heat  due  to  the  formation  of  water,  ...  23.0  f 

The  numbers  which  represent  the  portion  of  the  animal  heat  due  to 
respiration  are  rather  large  ; the  succeeding  are  less. 

4//l  EXPERIMENT. 

Two  young  dogs,  from  five  to  six  weeks. 

Animal  heat,  100“ 

Heat  due  to  formation  of  carbonic  acid,...  48.5 
Heat  due  to  formation  of  water, 22.2 

EXPERIMENT. 

Bitch  of  six  months. 

Anunal  heat,  100® 

Heat  due  to  formation  of  carbonic  acid,...  49.6  1 » j 1 
Heat  due  to  the  formation  of  water,  24.5  J 


H h 2 
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Qlh  EXPERIMENT. 

Six  small  rabbits. 

Animal  heat,  100° 

Heat  due  to  formation  of  carbonic  acid,...  SS-Sl  g,, 
Heat  due  to  formation  of  water, 23.6  j 


7/A  EXPERIMENT. 

Three  male  adult  guinea  pigs. 

Animal  heat,  100° 

Heat  due  to  formation  of  carbonic  acid,...  ôO.IIq.  , 

Heat  due  to  formation  of  water, 22. 4 j 

These  examples  suffice  to  show,  that  in  the  development  of  animal 
heat,  respiration  jiroduces  in  the  mammiferous  animals  of  the  herbivo- 
rous  class,  a more  considerable  portion  of  animal  heat  than  in  the  carni- 
vorous. 


8//i  EXPERIMENT. 

Three  male  adult  pigeons. 

Duration  of  the  experiment,  1 h.  32  m. 

lit*  f 10*012  OXVffGTl. 

Volume  of  air  furnished,  about 9°.73  — 47.674  j 37,e(;2  azo^. 

Volume  of  air  after  respiration,  reduced  j „ 

to = 

lit. 

Carbonic  acid  formed,  2.451 

Oxygen  disappeared,  0.735 

Azote  disengaged, 0.710 

Oxygen  disappeared,  = -Jj  of  acid  formed. 

Azote  disengaged,  = of  oxygen  disappeared. 

Elevation  of  temperature  of  the  mass  of  water,  25387s^.5,  0°.644,  whence 

Animal  heat,  100° 

Heat  due  to  the  formation  of  carbonic  acid, ....  60.51 -g  g 
Heat  due  to  the  formation  of  water, 18.3j 

9/A  EXPERIMENT. 

Great  Virginian  duck,  large. 

Duration  of  experiment,  1 h.  35  m. 

Volume  of  air  furnished,  about 7°.00  — 48.136  I38.027  azote!"' 

{ 1.601  acid. 

Volume  after  respiration  reduced  to  the  J 7.4,83  oxygen, 

temperature  of T-0 — 47.838  [38.754  azote 
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lit. 

Acid  formed, 1.601 

Oxygen  disappeared,  1.025 

Azote  disengaged, 0.727 

Oxygen  disappeared,  is  = ^ of  acid  formed. 

Azote  disengaged  = of  oxygen  disappeared,  = y®*'  of  acid  formed. 
Elevation  of  temperature  of  mass  of  water,  25l87g'^'.5,  0°.55,  whence 

Animal  heat,  100° 

Heat  due  from  formation  of  carbonic  acid, 47- 

Heat  due  from  formation  of  water, 29. C j 

It  appears  that  there  exists,  relative  to  the  exhalation  of  azote,  the 
same  difference  as  in  the  mammalia  *. 

In  the  experiments  sent  to  the  Academy,  the  gas  arising  from 
respiration  was  received  into  a gasometer,  in  which  it  was  sepa- 
rated from  the  water  by  a float  of  white  iron  ; still,  as  the  inside 
of  the  gasometer  was  necessarily  humid,  a certain  quantity  of  acid 
may  have  been  dissolved.  In  order  to  obtain  precise  results,  and 
to  avoid  similar  objections,  M.  Despretz  has  caused  an  apparatus 
to  be  marie,  in  which  the  gas  respired  is  received  over  mercury. 

We  may  therefore  admit  now  as  incontestable  truths, 

1st,  That  respiration  is  the  principal  cause  of  the  development 
of  animal  heat. 

2d,  That  besides  the  oxygen  employed  in  the  formation  of  car- 
bonic acid,  a certain  quantity,  sometimes  very  considerable  in  rela- 
tion to  the  first,  also  disappears  : it  is  even  generally  thought  to  be 
employed  in  the  combustion  of  hydrogen  ; but  this  explanation  has 
not  yet  been  directly  proved. 

3d,  That  azote  is  exhaled  in  the  respiration  of  carnivorous  or 


“ iV.  B.—^A  littre  conlains  61.028  cubic  inches  English  ; and  the  degrees 
are  lieaumur's — Reaumur's  scale  measures  are  reduced  to  Fahrenheit's  thus  ; 
^ /f.  -b  32°.  = F.  His  absolute  degrees  are  simply  of  Fahrenheit.  Thus 
the  air  furnished  in  the  first  experiment  was  at  9°.44  R.  ■ but  | of  9.44  + 32 
= 53°.24  F.  Also  ^ of  0°.C3  R.,  the  absolute  heat  communicated  to  23310 
grammes  of  water,  — 1°60  F.  ; Also  23310  grammes  X 15.444  -=  359,999.64 
grains  Troy,  or  51.4285  pounds  Avoirdupois,  = 1425,45  cubic  inches  of  wa- 
ter, or,  a little  more  tlian  6 gallons. — Tk. 


Conclusions. 
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herbivorous  mammalia,  and  in  tlie  respiration  of  birds  ; and  that  in 
general,  the  quantity  of  azote  exhaled  follows  the  quantity  of 
oxygen  employed  in  respiration. 

In  considering  for  an  instant  only  this  source  of  heat  in  the 
economy,  we  see  that  the  caloric  must  be  distributed  to  the  dif- 
ferent parts  of  the  body  in  an  unequal  manner  : those  farthest 
from  the  heart,  those  that  receive  least  blood,  or  which  cool  more 
rapidly,  must  generally  be  colder  tlian  those  that  are  differently 
disposed. 

This  difference  partly  exists.  The  extremities  are  colder  than 
the  trunk  ; sometimes  they  present  only  89°  or  91°  F.,  and  often 
much  less,  while  the  cavity  of  the  thorax  is  about  104°  F.  : but  the 
extremities  liave  a considerable  surface  relative  to  their  mass  ; they 
are  farther  from  the  heart,  and  receive  les?  blood  than  most  of  the 
organs  of  the  trunk. 

On  account  of  tlie  extent  of  their  surface  and  distance  from  the 
heart,  the  feet  and  hands  would  probably  have  a temperature  still 
lower  than  that  which  is  peculiar  to  them,  if  these  parts  did  not 
receive  a greater  proportional  quantity  of  blood.  The  same  dis- 
position exists  for  all  the  exterior  organs  that  have  a very  large  sur- 
face, as  the  nose,  the  pavilion  of  the  ear,  &c.  : their  temperature  is 
also  higher  than  their  surface  and  distance  from  the  heart  would 
seem  to  indicate. 

Notwithstanding  the  providence  of  nature,  those  parts  that  have 
large  surfaces  lose  their  caloric  with  greater  facility  ; and  they  are 
not  only  habitually  colder  than  the  others,  but  their  tempera- 
ture often  becomes  very  low  : the  temperature  of  the  feet  and 
hands  in  winter  is  often  nearly  as  low  as  32°  F.  It  is  on  this  ac- 
count we  expose  them  so  willingly  to  the  heat  of  our  fires. 

Amongst  other  means  that  we  instinctively  employ  to  remedy 
or  prevent  coldness,  are  motion,  walking,  running,  leaping,  which 
accelerate  the  circulation  ; pressure,  shocks  upon  the  skin,  which 
attract  a great  quantity  of  blood  into  the  tissue  of  this  membrane. 
Another  equally  effective  means  consists  in  diminishing  the  sur- 
face in  contact  with  the  bodies  that  deprive  us  of  caloric.  Thus  we 
bend  the  difl'erent  parts  of  the  limbs  upon  each  other,  we  apply 
them  forcibly  to  the  trunk  when  the  exterior  temperature  is  very 
low.  Children  and  weak  persons  often  take  this  position  when  in 
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bed  *.  In  this  respect  it  would  be  very  proper  that  young  children 
j should  not  be  confined  too  much  in  their  swathing  clothes,  to  pre- 
1]  vent  them  from  thus  bending  themselves. 

Our  clothes  preserve  the  heat  of  our  bodies  ; for  the  substances 
î!  of  which  they  are  formed  being  bad  conductors  of  caloric,  they  pre- 
I vent  that  of  the  body  from  passing  off.** 

i According  to  what  has  been  said,  the  combination  of  the  oxygen 
I of  the  air  with  the  carbon  of  the  blood  is  sufficient  for  theexplana- 
I tion  of  most  of  the  phenomena  presented  by  the  production  of 
I animal  heat  ; but  there  are  several  which,  if  real,  could  not  be  ex- 
I plained  by  this  means.  Autliors  worthy  of  credit  have  remarked, 
that,  in  certain  local  diseases,  the  temperature  of  the  diseased  place 
rises  several  degrees  above  that  of  the  blood,  taken  at  the  left 
auricle.  If  this  be  so,  the  continual  renewal  of  the  arterial  blood  Second aourco 

cf  animal 

is  not  sufficient  to  account  for  this  increase  of  heat  ; but  I doubt 
the  accuracy  of  the  fact.  I have  myself  made  some  experiments, 
carefully  followed  up,  on  this  subject,  employing  very  sensible 
thermometers,  and  I have  never  seen  the  part  inflamed  have  a heat 
above  that  of  the  blood.  I have  seen,  for  instance,  a diseased 
I hand  18^  or  22°‘5  F.  f warmer  than  the  sound  hand  ; but  this 
I pathological  temperature  was  still  below  that  of  the  blood  : it 
I was  only  from  98°  to  100°  F.  At  all  events,  according  to  the  ex- 
periments of  M.  Despretz,  in  the  most  favourable  circumstances, 

! and  in  the  herbivorous  animals  alone,  respiration  only  furnish- 
j ed  89°  out  of  100°  of  animal  heat,  and  in  the  carnivorous 
i only  80°.  There  exist,  then,  other  sources  of  heat  in  the  eco- 
j nomy  ; it  is  probable  that  they  are  to  be  found  in  the  frictions 
of  the  different  parts,  in  the  motion  of  the  blood,  the  rolling 
of  its  globules  one  upon  another,  and  finally,  in  the  nutritive  phe- 
nomena. 

'I'his  second  source  of  heat  must  belong  to  the  nutritive  pheno-  Sec^iidaou 
I mena  which  take  place  in  the  diseased  part.  heat. 

There  is  nothing  forced  in  this  supposition  : for  most  of  the 
I chemical  combinations  produce  elevations  of  temperature,  and  it 

t 


* See  a memoir  of  M.  Bros  on  this  subject,  in  the  Journ.  de  Med.  1817. 

•f  These  numbers  must  be  exactly  as  stated,  if  the  degrees  understood  in 
the  text  are  of  Reaumur,  as  they  probably  are,  from  the  context.— -Ta. 
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cannot  be  doubted  tbat,  both  in  the  secretions  and  in  the  process  of 
nutrition,  combinations  of  this  sort  take  place  in  the  organs. 

By  means  of  these  two  sources  of  heat,  life  can  be  maintained 
though  the  external  temperature  is  very  low,  as  that  of  winter  in 
the  countries  near  the  pole,  which  descends  sometimes  to — 42°  F. 
Generally  such  an  excessive  cold  is  not  supported  without  great 
difficulty,  and  it  often  happens  that  tlie  parts  most  easily  cooled 
are  mortified  : many  of  the  military  suffered  these  accidents  in  the 
war  of  Russia.  Nevertheless,  as  we  easily  resist  a temperature 
much  low'er  than  our  own,  it  is  evident  that  we  are  possessed  of 
the  faculty  of  producing  heat  to  a great  degree. 

The  faculty  of  producing  cold,  or,  in  more  exact  terms,  of  re- 
sisting foreign  heat  which  lias  a tendency  to  enter  our  organs,  is 
more  confined.  In  the  torrid  zone,  it  has  happened  that  men  have 
died  suddenly  wdsen  the  temperature  has  approached  122°  F. 

But  this  property  is  not  less  real,  though  limited.  MM.  Banks, 
Blagden,  and  Fordyce,  having  exposed  themselves  to  a heat  of 
nearly  260°  P'.,  tliey  found  that  their  bodies  had  preserved  nearly 
their  owm  tempeiature.  More  recent  experiments  of  MM.  Berger 
and  Delaroche  have  shown,  that  by  this  cause  the  heat  of  the  body 
may  rise  several  degrees  : for  this  to  take  place,  it  is  only  neces- 
sary that  the  surrounding  temperature  should  be  a little  elevated. 
Flaving  both  placed  themselves  in  a stove  of  120°,  their  tempera- 
ture rose  nearly  6°  8 F.  M.  Delaroche  having  remained  sixteen 
minutes  in  a dry  stove  at  175",  his  temperature  rose  9°  F. 

Franklin,  to  whom  the  physical  and  moral  sciences  are  indebted 
for  many  important  discoveries,  and  a great  many  ingenious  views, 
w’as  the  first  who  discovered  the  reason  why  the  body  thus  resists 
such  a strong  heat.  He  showed  that  this  effect  was  due  to  the 
evaporation  of  the  cutaneous  and  pulmonary  transpiration,  and  that 
in  this  respect  the  bodies  of  animals  resemble  the  porous  vases 
called  alcarrazas.  These  vessels,  which  are  used  in  hot  countries, 
allow  the  water  that  they  contain  to  sweat  through  them  ; their 
surface  is  always  humid,  and  a rapid  evaporation  takes  place,  which 
cools  the  liquid  they  contain. 

In  order  to  prove  this  important  result,  M.  Delaroche  placed 
animals  in  a hot  atmosphere,  that  was  so  saturated  with  humidity 
that  no  evaporation  could  take  place.  These  animals  could  not 
support  a heat  but  a little  greater  than  their  own,  without  perish- 
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ing  ; and  they  became  heated,  because  they  had  no  longer  the 
means  of  cooling  themselves.  Thus,  there  is  no  doubt  that  the 
cutaneous  and  pulmonary  evaporation  is  the  cause  which  enables 
man  and  animals  to  resist  a strong  heat.  This  explanation  is  also 
confirmed  by  the  considerable  loss  of  weiglit  that  the  body  suffers 
after  having  been  exposed  to  a great  heat. 

According  to  these  facts,  it  is  evident  that  the  authors  who  have 
represented  animal  heat  as  fixed,  have  been  very  far  from  the  truth. 
To  judge  exactly  of  it,  it  would  be  necessary  to  take  into  account 
the  surrounding  temperature  and  humidity  ; the  degree  of  heat  of 
different  parts  ought  to  be  considered,  and  the  temperature  of  one 
part  ought  not  to  be  determined  by  tliat  of  another. 

We  have  few  correct  observations  upon  the  temperature  proper 
to  the  body  of  man  ; the  latest  are  due  to  IMM.  Edwards  and 
Gentil.  These  authors  observed  that  the  most  suitable  place  for 
judging  of  the  heat  of  the  body  is  the  armpit.  They  noticed  nearly 
2^  degrees  of  difference  between  the  heat  of  a young  man  and  that 
of  a young  girl  ; the  heat  of  her  hand  was  a little  less  than  97^-°, 
that  of  the  young  man  was  98°. 4.  The  same  persons  observed 
great  differences  of  heat  in  the  different  temperaments.  There  are 
also  diurnal  variations  ; ther  temperature  may  change  about  two 
or  three  degrees  from  morning  to  evening.  In  general,  we  may 
remark,  that  it  would  be  necessary  to  have  new  observations  on 
this  subject.® 


OP  GENERATION. 

The  relative  and  nutritive  functions  establish  the  individual  ex- 
istence of  man  ; but,  like  all  animals,  he  is  also  called  to  exercise 
another  very  important  function, — the  creation  of  beings  like  him- 
self, and  thus  to  contribute  to  the  continuation  of  the  species. 

By  its  destination,  generation  is  already  very  different  from  the 
relative  and  nutritive  functions  ; but  it  also  differs  from  them  in 
this,  that  the  organs  which  co-operate  in  it,  are  not  all  found  in 
the  same  individual  ; and  by  this  diversity,  is  established  the  prin- 
cipal difference  of  the  sexes. 
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Male  geni 
organs. 

Testicles. 


Apparatus  of  generation. 

It  is  composed  of  the  organs  proper  to  the  male,  and  of  tliose 
peculiar  to  the  female. 

Genital  organs  of  the  male. 

These  organs  are  the  testicles,  the  vesiculæ  séminales,  the  pros- 
tate gland,  Coxopers  gland,  and  the  penis. 

The  testicles  are  tw'o  in  number.  The  cases  related  by  authors, 
in  vvliich  three  and  even  four  are  said  to  have  been  seen,  are  very 
doubtful.  Their  form  is  ovoid,  and  their  volume  inconsiderable  ; 
their  parenchyma  consists  of  an  infinite  number  of  small  convolut- 
ed vessels,  which  are  denominated  seminiferous,  and  are  all  direct- 
ed towards  one  point  of  the  surface,  called  the  head  of  the  epidi- 
dymis  : at  this  position  they  run  together,  anastomose,  diminish 
in  number,  and  terminate  by  forming  one  cylindrical  canal,  which 
lies  convoluted  on  the  testis,  and  now  takes  the  name  of  epidi- 
dipnis  ; it  is  soon  detached  from  the  organ,  under  the  name  of 
vas  deferens  ; it  ascends  towai'ds  the  inguinal  ring,  plunges  into 
the  pelvis,  and  very  soon  arrives  at  the  inferior  and  anterior  part 
of  the  bladder  ; there  it  communicates  both  with  the  vesiculæ 
séminales  and  the  prostatic  portion  of  the  urethra. 

The  parenchyma  of  the  testicle  is  enveloped  by  a fibrous  re- 
sisting membrane  ; it  is  besides  covered,  1st,  by  a serous  mem- 
brane, called  tuTiica  vaginalis,  which,  in  the  fetus,  made  a part  of 
the  peritoneum  ; 2d,  by  a muscular  membrane,  which  has  the 
power  of  raising  the  testicle,  and  applying  it  against  the  inguinal 
ring  ; 3d,  by  the  dartos,  a stratum  of  very  loose  cellular  tissue, 
which  appears  to  be  contractile  ; 4th,  lastly,  by  the  rugous,  tawny 
skin,  which  forms  the  scrotum.  This  portion  of  skin  has  the  sin- 
gular property  of  contracting  in  the  manner  of  the  muscular  tissues, 
not  subject  to  the  influence  of  the  will. 

The  arterial  blood  reaches  the  testicle  by  a small  artery  which 
rises  from  the  aorta  as  high  as  the  renal  arteries.  The  veins  of 
this  organ,  before  uniting  into  one  trunk,  are  thick,  tortuous,  and 
numerous  ; they  frequently  anastomose,  and  have,  collectively,  the 
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name  of  corpus  pampiniforme.  Altliough  the  testicles  be  endow- 
ed with  great  sensibility,  it  does-  not  appear  tiiat  any  nerve,  either 
of  the  brain  or  ganglions,  has  ever  been  traced  into  theiflfsubstance. 

The  name  of  vesiciilce  séminales  is  given  to  two  little  cellular  vesiruiæ 
. 711  11*1  setiiiuaics. 

organs,  situated  under  the  lower  part  of  the  bladder,  and  which 

seem  intended  to  contain  the  fluid  secreted  by  the  testicle.  The 
sides  of  it  are  thin,  covered  internally  by  a mucous  membrane,  and 
externally  by  a stratum  of  fibres  : it  is  not  known  if  the  interme- 
diate membrane  is  or  is  not  contractile.  The  anterior  extremity 
of  the  vesiculæ  communicates  with  the  vasa  defereniia  and  the 
urethra,  by  a very  short,  narrow  canal,  which  has  been  named  eja- 
culatory. 

M.  Amussat  has  ascertained,  by  an  attentive  and  delicate  dissec- 
tion, that  the  vesiculæ  séminales  are  formed  by  a narrow  canal  or 
tube,  of  considerable  length,  and  several  times  folded  upon  itself,  in 
different  directions.  Its  loops  are  fixed  down  by  cellular  bands,  in 
the  manner  of  the  spermatic  vessels. 

Lastly,  the  penis  belongs  to  the  number  of  the  male  genital  or-  Penis, 
gans.  It  is  principally  formed  by  the  corpora  cavernosa,  the  spongy 
portion  of  the  urethra,  and  the  glans. 

The  corpora  cavernosa  determine,  in  a great  measure,  the  form  Corj-ora  ca- 
* , , , ^ . vernosa. 

and  dimensions  of  the  penis  ; they  begin  at  the  internal  part  of  the 

ramus  of  the  ischium,  very  soon  meet,  and  form  by  their  junction 
the  body  of  the  penis.  They  are  separated  from  each  other  by  a 
fibrous  partition,  pierced  with  many  holes,  named  septum  perfo- 
ratum. They  have  an  exterior  membrane,  fibrous,  hard,  dense, 
and  very  elastic.  In  their  interior,  a great  number  of  filaments 
and  plates  cross  each  other,  and  by  their  union  form  a kind  of 
sponge,  into  the  midst  of  which  the  blood  is  poured.  This  tissue 
communicates  freely  with  the  veins,  a fact  of  which  I have  several 
times  obtained  a direct  demonstration*.  The  urethra  and  the 
glans,  which  form  also  an  essential  part  of  the  penis,  have  an  ana- 


• In  order  to  see  distinctly  this  communication  of  the  cavernous  tissue  of 
the  penis  with  the  veins,  I inflate  and  dry  the  penis  : then,  by  means  of  some 
very  simple  incisions,  it  is  seen  that  the  veins  make  an  immediate  continua- 
tion of  the  cavernous  cells.  In  the  horse,  the  communication  is  made  by 
openings  sufficiently  large  to  admit  the  finger. 
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logous  parenchyma,  hut  they  are  not  surrounded  with  a fibrous 
membrane.  Six  arterial  branches  go  to  the  penis.  Tliis  part  re- 
ceives alsofiseveral  nerves,  wliich  arise  from  the  sacral  pairs. 

The  genital  organs  of  man  constitute  merely  an  apparatus  of 


Secretion  of  The  fluid  secreted  by  the  testicles  is  called  semen.  The  small 


volume  of  these  glands,  the  number  and  tenuity  of  the  seminiferous  H 
tubes,  the  small  quantity  of  blood  which  the  spermatic  arteries 
carry  to  them,  the  great  length  and  narrowness  of  the  vas  deferens, 
render  it  probable  that  its  quantity  is  very  inconsiderable,  and  that 
it  is  directed  towards  the  vesiculæ  séminales  very  slowly.  It  is 
also  probable  that  the  secretion  of  the  semen  takes  place  in  a con- 
tinned  manner,  but  more  rapidly  by  voluptuous  excitations,  if  cer- 
tain  sorts  of  food  have  been  used,  or  if  the  venereal  action  is  often 
repeated.  , 

It  is  difficult  to  conceive  how  the  liquor  secreted  in  the  testicle 
passes  through  the  seminiferous  canals  and  the  epididymis,  and 
how  it  ascends  through  the  vas  deferens.  Perhaps  there  is  a capil- 
lary  effect  in  this  canal,  which  its  narrowness  as  well  as  its  thick- 
ness,  and  the  resistance  of  its  sides,  render  probable.  It  is  a little 
more  easy  to  comprehend  how  the  semen,  having  reached  the  ex- 
tremity  of  the  vas  deferens,  can  penetrate  into  the  vesiculæ  semi- 
nales  : the  ejaculatory  canals  embraced  by  the  neck  of  the  bladder,  81; 
and  by  the  levatores  ani,  must  resist  the  approach  of  the  liquid,  ^ 
which  thus  finds  a more  free  access  into  the  neck  of  the  vesiculæ  « 
séminales. 

The  semen  has  never  been  analyzed  in  the  state  in  which  it 
passes  out  of  the  testicle  : the  fluid  which  has  been  studied  under 
this  name  is  formed  by  the  semen,  the  liquid  secreted  by  the  mu-  Î 
cous  membrane  of  the  vesiculæ  séminales,  by  the  prostate  gland, 
and  perhaps  by  Cowper’s  glands. 


Physical  and  When  this  fluid  passes  out  of  the  urethra,  it  is  mixed,  and  com 


other  thick,  almost  opake.  Left  to  themselves,  these  two  matters 
mix,  and  the  mass  liquefies  in  a few  minutes.  The  odour  of  semen 
is  strong,  and  sid  generis  ; its  taste  is  salt  and  somewhat  bitter. 


glandular  secretion,  of  which  the  testicle  is  the  gland,  the  vesiculæ 
séminales  the  receptacle,  the  vas  deferens  and  the  urethra  the  ex- 
cretory canal.  This  secretion  is  indispensable  for  generation. 


chsmical  pro- 
perties of  se- 
men. 


pounded  of  two  substances,  the  one  liquid,  slightly  opaline,  the 
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Professor  Vauquelin,  who  analyzed  it,  found  it  composed  of 


Water, 900 

Animal  mucilage,  60 

Soda, 10 

Phosphate  of  lime, 30 


Examined  by  the  microscope,  a multitude  of  animalcula  are  ob- 
served in  it,  which  appear  to  have  a round  head  and  a pretty  long 
tail  : these  animalcula  move  with  considerable  rapidity  ; they  seem 
to  fly  the  light  and  each  other,  and  to  seek  the  shade.  To  see 
them,  it  is  sufficient  to  make  a slight  puncture  in  the  testicle  of  an 
animal  of  the  age  of  fecundity',  to  collect  upon  a stage  a portion  of 
the  liquid  which  escapes  from  the  puncture,  to  dilute  it  with  warm 
Avater,  and  afterwards  to  place  it  under  the  microscope,  with  a weak 
magnifier.  These  animalcules  only  exist  in  individuals  fit  for  procrea  - 
tion ; gloomy  affections*,  diseases,  excess,  cause  them  to  disappear; 
in  animals  they  are  only  found  during  season.  Mules  which  are 
barren,  have  them  not,  although  they  have  a portion  of  semen. 

The  secretion  of  semen  begins  at  the  age  of  puberty  ; before 
that  time  the  testicles  secrete  a viscous  transparent  fluid,  which 
has  never  been  analyzed,  but  which,  in  appearance,  differs  much 
from  semen.  According  to  recent  observations,  this  fluid  contains 
no  animalcules. 

The  modifications  of  the  economy  which  happen  at  the  same  influence  of 
epoch,  such  as  the  moulting  of  the  voice,  the  development  of  the  upon  the  ecc- 
I hair,  the  increase  of  the  muscles  and  bones,  &c.  are  connected**”'"'^ 

I with  the  existence  of  the  testicles  and  the  fluid  which  they  secrete. 

’ The  removal,  indeed,  of  these  organs  before  puberty  is  opposed  to 
j:  their  development.  At  first  eunuchs  preserve  the  forms  of  infancy; 

I their  larynx  does  not  increase,  no  hair  grows  on  the  chin,  and  their 
I character  remains  timid  ; later,  their  physical  and  moral  qualities 
approach  very  nearly  those  of  the  female  ; nevertheless,  the  greater 
part  take  pleasure  in  sexual  intercourse,  and  perform  with  ardour 
an  act  which  can  never  turn  to  account  in  the  production  of  the 
species. 


• M.  Bory  Saint  Vincent  in  vain  sought  for  animalcules  in  the  semen  of 

two  young  and  vigorous  subjects  who  had  suffered  a capital  punishment  ; 
he  found  them,  on  the  other  hand,  in  soldiers  killed  instantly  by  a bullet. 
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Of  erection. 


Experiments 

upon  erjcîion 


Excretion  of 

j.emen. 


In  order  that  emission  of  the  semen  may  take  place  in  the  S 
healtliy  state,  the  spongy  tissue  of  the  penis  must  be  distended  in  i 

all  directions,  l)ecome  rigid,  warm,  in  a word,  must  be  in  a state  | 

of  erection.  In  this  state  every  thing  announces  that  the  blood  | 
arrives  in  great  abundance  in  the  penis,  its  arteries  become  larger, 
pulsate  with  more  force,  its  veins  are  swelled,  and  the  temperature 
is  sensibly  augmented.  These  different  phenomena  are  evidently  i 
under  the  influence  of  the  nervous  system. 

Different  explanations  of  erection  have  been  proposed.  It  has 
been  referred  sometimes  to  the  compression  of  the  pudic  veins,  or  ■ 
of  the  corpora  cavernosa,  by  the  muscles  of  the  penis,  sometimes 
to  the  constriction  of  the  veins  by  nervous  influence,  &c.  ; of  these  j , ,; 
explanations,  that  which  attributes  erection  to  the  compression  of  ' ■ 

the  veins  of  the  penis,  appears  the  most  probable.  The  principal  veins  Î ] 
are  so  disposed  as  to  be  compressed  at  the  moment  they  return  , ; 
into  the  pelvis,  whilst  nothing  can  produce  a like  effect  upon  the  , ’ 

arteries.  To  satisfy  myself  of  the  influence  of  the  compression  of  the 
veins  upon  the  intumescence  of  the  penis,  I tied,  in  a dog,  the  two  / > '■ 
great  veins  which  run  along  the  superior  aspect  of  the  corpora  ca-  . ' ■ 
vernosa,  and  immediately  the  penis  became  inflated,  and  went  into  | 
a sort  of  erection,  very  distinct:  but  as  the  two  vessels  tied  are  " 
not  the  only  veins  of  the  penis  of  the  dog,  we  can  affirm  nothing  i , 
from  that  experiment,  which  notwithstanding  shews  the  influence  ' 
of  the  compression  of  the  veins  upon  the  erection  of  the  penis. 

Whatever  be  its  nature,  it  is  produced  by  several  very  different  ' 
causes,  such  as  mechanical  excitations,  venereal  desires,  fulness  of  j i 
the  vesiculæ  séminales,  the  use  of  certain  foods,  some  medicines, 
and  even  certain  kinds  of  poison  ; it  is  excited  also  by  several  dis- 
eases,  flagellation,  &c.  ;i4-; 

Of  all  these  causes  the  imagination  is  that  of  which  the  effect  is 

the  most  rapid.  One  of  the  most  remarkable  of  the  phenomena  of  , 

erection  is  doubtless  the  quickness  of  its  reproduction,  or  cessa- 

tion,  in  certain  cases.  *1 

. . . . . • f'' 

Generally,  erection  is  accompanied  by  the  flow  of  a certain  vis-  6 

cous  liquid,  which  is  said  to  come  from  the  prostate. 

The  circumstances  that  bring  on  the  ejection  of  the  semen,  as  ’ 
well  as  the  sensation  which  accompanies  it,  are  known;  but  the 
mechanism  of  its  evacuation  is  much  less  so.  Do  the  vesiculæ  || 

empty  themselves  in  whole  or  in  part  in  the  moment  of  ejacula-  g 
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tion?  Is  it  their  middle  coat  which  contracts,  or  are  they  com- 
pressed by  other  causes  ? Do  the  muscular  fasciculi  which,  from 
the  orifice  of  the  ureters,  are  directed  to  the  urethral  crest,  concur 
in  it  ? Is  the  levator  ani  relaxed  at  this  instant  ? Is  it  the  contact 
of  the  semen  upon  the  membranous  or  spongy  bodies  which  excites 
the  sensation  that  accompanies  its  expulsion  ? &c.  M^e  know  no- 
thing certain  respecting  these  different  questions. 

Genital  organs  o/’  the  female- 

The  ovaria,  the  Fallopian  tubes,  the  uterus  or  matrix,  and  the  Genital  nr- 
vagina,  are  the  essential  female  organs  of  generation.  female. 

kiinee  the  time  of  Steno,  the  name  of  ovaria  has  been  given  to  Gf  the  ovaria. 
two  little  bodies  situated  in  the  hollow  of  the  pelvis  upon  the  sides 
of  the  uterus.  Each  ovarium  is  formed  by  an  exterior  fibrous  mem- 
brane, and  interiorly  by  a peculiar  cellular  tissue,  in  which  ai’e 
found  fifteen  or  twenty  vesicles,  some  of  which  are  generally  more 
voluminous  than  the  rest,  and  correspond  by  one  of  their  sides  to 
the  exterior  membrane,  which  is  thinner  in  this  place.  These 
vesicles  appear  to  contain  the  rudiments  of  the  germ,  and  to  be  the 
same  in  respect  of  women,  that  eggs  are  in  respect  of  birds,  rep- 
tiles, and  fishes.  They  are  formed  by  two  membranous  envelopes, 
and  a fluid  which  coagulates  and  hardens  like  albumen.  The 
want  of  development  of  the  ovaria,  which  sometimes  happens  in 
women,  has  an  influence  upon  the  whole  economy  ; not  similar,  but 
analogous,  to  that  of  the  removal  of  the  testicles.  A woman  ren- 
dered barren  from  this  cause  has  generally  a masculine  appearance  ; 
her  chin  and  the  circumference  of  her  mouth  are  covered  with 
hair  ; her  taste  and  character  incline  to  those  of  man,  her  voice  is 
grave  and  sonorous,  the  clitoris  is  often  considerably  enlarged.  In 
this  incomplete  kind  of  woman,  such  as  is  often  called  virago,  an 
inclination  is  found  that  ought  to  exist  only  in  man,  which,  though 
equally  a perversion  of  nature  and  morality,  is  not  less  remarkable 
under  a physiological  point  of  view. 

The  Fallopian,  or  uterine  tubes,  are  two  narrow  canals  which,  or  the  Faiio- 
I one  on  the  right,  the  other  on  the  left,  establish  a communication 
j between  the  ovarium  and  the  matrix.  They  are  hollow  and  frin- 
ged in  their  external  extremity  ; narrow  and  round  in  the  rest  of 
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their  extent.  Their  tissue,  especially  on  the  side  of  the  uterus,  is 
analogous  to  that  of  the  vas  deferens. 

In  the  hollow  of  the  pelvis,  before  the  rectum,  and  behind  the 
bladder,  is  found  the  uterus  an  organ  of  a pyriform  shape,  and  of 
small  volume  in  its  ordinary  state,  but  destined  to  undergo  con- 
siderable extension  during  pregnancy.  There  is  distinguished  in 
the  uterus,  the  hod^,  which  is  superior  ; the  neck,  which  is  inferior, 
embraced  by  the  vagina  ; and  a cavity,  which  has  three  orifices,  two 
superior,  which  correspond  to  the  Fallopian  tubes,  and  one  inferior, 
which  communicates  with  the  vagina. 

The  proper  tissue  of  the  uterus  is  singular  of  its  kind  in  the  ani- 
mal economy  ; it  has,  nevertheless,  some  analogy  with  that  of  the 
heart  : its  structure  is  inextricable  in  the  ordmary  state  : it  is  more 
easily  studied  in  advanced  pregnancy  : two  prolongations  of  this 
tissue,  under  the  name  of  round  ligaments,  pass  through  the  in- 
guinal rings,  and  spread  upon  the  external  asjtect  of  the  labia  ; a 
great  part  of  the  external  surface  of  the  uterus  is  covered  by  the 
peritoneum,  which  forms  several  remarkable  folds  around  this  organ. 
The  internal  surface  is  said  to  be  covered  by  a mucous  membrane. 
— In  looking  at  this  surface  with  a strong  lens,  a multitude  of  little 
openings  are  perceived  in  it,  some  of  which,  less  numerous  and 
wider,  belong  to  the  veins  of  the  organ  ; the  others,  in  much 
greater  number,  seem  proper  to  the  arterial  capillaries. 

The  arteries  of  the  uterus  are  tortuous,  and  very  considerable 
in  respect  to  its  volume  : the  veins  are  also  numerous  and  large; 
they  form,  in  the  body  of  its  tissue,  what  anatomists  have  impro- 
perly called  sinus  uteri  : the  nerves  are  less  numerous,  and  come 
from  the  hypogastric  plexus. 

The  cavity  of  the  uterus  communicates  with  the  exterior  by  the 
vagina,  a membranous  canal  placed  almost  vertically  in  the  pelvis. 
Its  length  is  from  six  to  seven  inches  ; its  width  is  variable,  accord- 
ing as  a woman  has,  or  has  not,  had  children.  Its  internal  surface 
presents,  especially  on  the  lower  part,  a great  number  of  transverse 
folds,  that  allow  the  vagina  to  become  elongated  in  pregnancy.  In 
the  virgin,  its  inferior  extremity  is  provided  with  the  hymen,  a thin 
membrane  in  form  of  a crescent,  which,  in  a great  measure,  shuts 
up  its  entrance. 

The  tissue  of  the  vagina  is  composed  of  greyish  fibres,  crossed 
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in  all  directions,  pretty  analogous  to  those  of  the  uterus.  Below, 
It  is  surrounded  by  numerous  veins,  in  appearance  like  the  corpus 
cavernosum,  which  form  the  plexus  retiformis.  This  part  of  the 
vagina  is  thought  susceptible  of  erection.  The  whole  of  the  inter- 
nal surface  of  this  organ  is  lined  with  a membrane  that  contains 
many  mucous  and  sebaceous  follicles. 

The  external  parts  of  the  female  comprehend  the  parent  and 
small  labia,  folds  that  disappear  during  child-birth,  and  the  clitoris, 
a kind  of  small  imperforated  penis,  composed  of  two  cavernous  bo- 
dies, and  a sort  of  glans  covered  by  a prepuce.  That  organ  pos- 
sesses great  sensibility,  and  an  erection  like  that  of  the  penis. 

OJ~  menstruation. 

\ 

In  the  greater  number  of  women,  the  aptitude  for  generation, 
or  impregnation,  is  marked  by  a periodical  flow  of  sanguineous 
matter,  from  the  internal  surface  of  the  uterus  ; this  is  a i-eal  san- 
guineous exhalation  ; it  bears  the  name  of  menses,  menstruation, 
&c.,  because  it  returns  pretty  regularly  every  month.  Some  wo- 
‘ men,  however,  have  their  periods  every  fifteen  days,  others  every 
two  months,  others  at  times  indetermined,  and,  lastly,  some  never 
! have  any  menses.  Certain  particular  signs  indicate  the  approach 
1 of  the  menses,  such  as  a feeling  of  heaviness  in  the  loins,  lassitude 
in  the  limbs,  prickling  and  pain  of  the  mammæ. — Its  appearance  is 
sometimes  marked  by  more  serious  accidents  : at  otlier  times  it 
takes  place  rapidly,  without  any  precursory  indication. 

The  total  duration  of  the  flow,  its  mode,  the  quantity  of  blood 
exhaled,  the  colour,  the  consistence  of  this  blood,  are  not  less  va- 
riable. In  some  women,  the  quantity  of  menstrual  blood  is  consi- 
derable, and  amounts  to  several  pounds  ; the  menses  last  eight  or 
ten  days  without  stopping  ; the  blood  has  all  the  qualities  of  that 
j of  the  arteries  : from  others  pass  scarcely  a few  drops  of  blood,  at 
I one  time  watery  and  deprived  of  fibrin,  and  at  other  times  having 
j all  the  appearance  of  venous  blood  ; the  flow  continues  scarcely 
ji  one  day,  or  is  repeatedly  suspended.  Women  are  subject  to  great 
j irritability  while  menstruation  continues  ; the  least  noise  frightens 
i them,  they  are  affected  by  the  smallest  contradiction,  and  are  very 
irascible. 

I i 
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The  regularity  or  irregularity  of  the  return  of  the  menses,  the 
nature  and  quantity  of  the  blood  evacuated,  the  duration  of  the 
evacuation,  are  closely  connected  with  the  state  of  health  or  sick- 
ness of  the  female,  and  deserve  all  the  attention  of  the  physician. 

It  has  been  ascertained,  by  opening  the  bodies  of  women  who 
died  during  the  period  of  menstruation,  that  the  blood  escapes  from 
the  internal  surface  of  the  uterus,  the  vessels  of  which  have  been 
found  red,  and  filled  with  blood,  which,  by  slight  pressure,  could 
easily  be  made  to  flow  into  the  cavity  of  the  organ.  Although  “ 
the  flow  of  the  menses  almost  always  takes  place  by  the  uterus,  i 
this  organ,  however,  is  not  exclusively  destined  to  produce  it:  4 

women  have  frequently  had  their  menses  from  the  mucous  mem-  M 
brane  of  the  great  intestine,  from  the  stomach,  the  lungs,  the  eye,  a 
&c.  Different  parts  of  the  skin  afford  also  sometimes  an  issue  to  9 
the  blood  of  the  menses  ; thus  it  has  been  seen  to  pass  monthly  m 
through  one  or  several  of  the  fingers,  through  the  cheek,  the  skin  M 
of  the  abdomen,  &c.  il 

Could  it  be  believed,  that  authors  of  note  have  employed  them-  9 
selves  in  attempting  to  discover  the  immediate  cause  of  the  menses,  • 
and  that  they  have  been  attributed  to  the  influence  of  the  moon,  || 
the  vertical  position  of  woman,  to  her  too  abundant  nourishment,  9 
&c.  I 

The  time  of  the  first  menstruation  happens,  in  our  climates,  9 
about  the  thirteenth  or  fourteenth  year  ; it  is  a little  later  in  the  ‘fl 
north,  and  earlier  in  warm  countries.  In  the  equatorial  regions,  fl 
girls,  it  is  said,  are  sometimes  marriageable  at  seven  or  eight  years.  Æ 
About  the  age  of  fifty  years,  later  in  northern,  and  sooner  in  south-  ^ 
ern  countries,  the  menses  cease,  and  with  them  the  aptitude  to  ge-  jV 
neration.  This  epoch,  called  the  decline  of  life,  critical  period,  S;c. 
is  often  marked  by  the  development  of  serious  diseases.  But  it  has  w 
been  recently  ascertained,  by  some  bills  of  mortality,  collected  with  f 
a great  deal  of  care  by  M.  Benoiston  of  Chateauneuf,  that  this  pe-  '' 
riod  of  life,  far  from  being  fatal,  as  has  long  been  thought,  is  that 
wherein  death  seems  most  to  spare  females,  as  if  it  were  in  order 
to  transfer  his  rigours  to  the  male  sex. 

What  we  have  just  said  about  menstruation,  is  subject  to  nume- 
rous exceptions.  Young  girls  have  sometimes  conceived  without 
having  had  menses  ; women,  whose  menses  had  ceased  at  the 
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usual  time,  have  seen  them  return,  at  seventy  or  eighty  years,  and 
have  become  mothers.  Lastly,  women  who  have  never  had  any 
menstruation,  have  not  on  that  account  been  less  fertile. 

Coition  and  fecundation. 

We  have  mentioned  what  instinctiv'e  feelings  protect  our  indi-  coiuon. 
vidual  existence  ; a feeling  of  the  same  nature,  but  more  strong 
and  imperious,  because  its  end  is  more  important,  ensures  the  pre- 
servation of  the  species,  by  inclining  the  sexes  to  each  other,  and 
to  perform  the  act  of  copulation.  The  part  of  the  male,  in  the  act 
of  reproduction,  is  to  deposit  the  semen  in  the  vagina,  at  a greater 
or  less  distance  from  the  orifice  of  the  uterus. 

The  function  which  the  female  discharges  is  much  more  obscure  ; 
some  feel,  at  this  moment,  very  strong  voluptuous  sensations  ; 
others  appear  entirely  insensible  ; whilst  others,  again,  experience  a 
sensation  which  is  very  painful.  Some  of  them  pour  out  a mucous 
substance  in  considerable  abundance,  at  the  instant  of  the  most 
vivid  pleasure  ; whilst,  in  the  greater  part,  this  phenomenon  is  en- 
tirely wanting.  In  all  these  respects,  there  is,  perhaps,  no  exact 
resemblance  between  any  two  females. 

These  different  phenomena  are  common  to  the  most  frequent 
acts  of  copulation,  that  is,  to  those  which  do  not  produce  impreg- 
nation, as  well  as  those  which  are  effective.  What  happens  addi- 
tionally in  these  last? 

If  the  most  recent  works  of  Physiology  are  to  be  credited  *,  the  Fecundation, 
uterus  during  impregnation  opens  a little,  draws  in  the  semen  by 
aspiration,  and  directs  it  to  the  ovarium  by  means  of  the  Fallopian 
tubes,  whose  fimbriated  extremity  closely  embraces  that  organ. 

The  contact  of  the  semen  determines  the  rupture  of  one  of  the 
vesicles,  and  the  fluid  that  passes  from  it,  or  the  vesicle  itself, 
passes  into  the  uterus,  where  the  new  individual  is  to  be  de- 
veloped. 

However  satisfactory  this  explanation  may  appear,  we  must  be- 


* I pass  over  the  systenns  of  the  ancients  and  the  moderns  upon  genera- 
i|  tion.  Why  overload  the  minds  of  students  with  those  brilliant  reveries,  that 
i'  do  more  injury  than  is  generally  supposed  to  the  progress  of  science  ? 
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ware  of  its  admission  ; for  it  is  purely  hypothetical,  and  even  con- 
trary to  the  experiments  of  the  most  exact  observers. 

In  the  numerous  attempts  made  upon  animals  by  Harvey,  De 
Graaf,  Valisneri,  &c.,  the  semen  has  never  been  perceived  in  the 
cavity  of  the  uterus  ; much  less  has  it  been  seen  in  the  Fallopian  tube 
at  the  surface  of  the  ovarium.  It  is  quite  the  same  with  the  mo- 
tion which  the  Fallopian  tube  is  supposed  to  have  in  embracing 
the  circumference  of  the  ovarium  : it  has  never  been  proved  by  ex- 
periment. Even  if  one  should  suppose  that  the  semen  penetrates 
into  the  uterus  at  the  moment  of  coition,  which  is  not  impossible, 
though  it  has  not  been  observed,  it  would  still  be  very  difficult  to 
comprehend  how  the  fluid  could  pass  into  the  Fallopian  tubes  and 
arrive  at  the  ovarium.  The  uterus  in  the  empty  state  is  not  con- 
tractile, the  uterine  orifice  of  the  Fallopian  tubes  is  extremely  nar- 
row, and  these  canals  have  no  sensible  motion. 

On  account  of  the  difficulty  of  conceiving  the  passage  of  the 
semen  to  the  ovarium,  some  authors  have  imagined  that  this  mat- 
ter is  not  carried  there,  but  only  the  vapour  which  exhales  from  it, 
or  the  aura  seminalis.  Others  think  that  the  semen  is  absorbed 
in  the  vagina,  passes  into  the  venous  system,  and  arrives  at  the 
ovaria  by  the  arteries  The  phenomena,  therefore,  which  ac- 
company the  fecundation  of  women,  are  nearly  unknown.  An  equal 
obscurity  rests  on  the  fecundation  of  other  mammiferous  females. 
Nevertheless  it  would  be  more  easy  to  conceive  a passage  of  the 
semen  to  the  ovaria  in  these,  since  the  uterus  and  the  Fallopian 
tubes  possess  a peristaltic  motion  like  that  of  the  intestines.  Fe- 
cundation, however,  taking  place  by  the  contact  of  the  semen  with 
the  ova,  in  fishes,  reptiles,  and  birds,  it  is  not  very  likely  that  Na-, 
ture  employs  any  other  mode  for  the  mammifera  ; it  is  necessary, 
then,  to  consider  it  as  very  probable,  that,  either  at  the  instant  of 
coition,  or  at  a greater  or  less  time  afterwards,  the  semen  arrives 
at  the  ovarium,  where  it  exerts  more  especially  its  action  upon  the 
vessels  most  developed. 

But,  even  should  it  be  out  of  doubt  that  the  semen  arrives  at 
the  vesicles  of  the  ovarium,  it  would  still  remain  to  be  known  how 


* If  this  idea  had  any  foundation,  a female  might  be  impregnated  by  in- 
jection of  the  semen  into  the  veins.  This  experiment  it  would  be  curious 
to  try. 
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its  contact  animates  the  germ  contained  in  it.  Now  this  pheno- 
menon is  one  of  those  on  wliich  our  senses,  and  even  our  mind, 
have  no  Iiold  : it  is  one  of  those  impenetrable  mysteries  of  which 
we  are,  and,  perhaps,  shall  ever  remain  ignorant. 

We  possess,  however,  on  this  subject  some  very  ingenious  expe- 
riments of  Spallanzani,  which  have  removed  the  difficulty  as  far  as 
it  seems  possible. 

This  philosopher  has  proved,  by  a great  number  of  trials,  1st,  Experiments 
that  three  grains  of  semen,  dissolved  in  two  pounds  of  water,  are 
sufficient  to  give  to  it  the  fecundating  virtue  ; 2d,  that  the  sper- 
matic animalcula  are  not  necessary  to  fecundation,  as  Buffon  and 
other  authors  have  thought  ; .Sd,  that  the  aura  séminales,  or 
seminal  vapour,  has  no  fecundating  property  ; 4th,  that  a bitch 
can  be  impregnated  by  the  mechanical  injection  of  semen  into  her 
vagina,  &c.  &c.  *. 

It  is  thus  necessary  to  consider  as  conjectural  what  authors  say 
about  the  general  signs  of  fecundation.  At  the  instant  of  concep- 
tion, the  woman  feels,  it  is  said,  a universal  tremor,  continued  for 
some  time,  accompanied  by  a voluptuous  sensation  ; the  features 
are  discomposed,  the  eyes  lose  their  brilliancy,  the  pupils  are  dilated, 
the  visage  pale,  &c.  No  doubt,  impregnation  is  sometimes  accom- 
panied by  these  signs  ; but  how  many  mothers  have  never  felt  them, 
and  reach  even  the  third  month  of  their  pi’egnancy  without  suspect- 
ing their  situation  ? 

We  have  more  exact  notions  about  the  changes  that  take  place 
in  the  ovarium  after  fecundation.  All  good  authors  have  described 
a body  of  a yellowish  colour  that  is  developed  in  the  tissue  of  the 
ovarium  in  fecundated  females,  and  which,  pretty  voluminous  at 
first,  become  less  and  less  in  proportion  as  pregnancy  advances  : but 
these  phenomena  belong  to  the  history  of  gestation,  upon  which  we 
are  about  to  enter. 


* According  to  the  recent  experiments  of  MM.  Prévost  and  Dumas,  ani- 
malcules must  be  indispensable  to  impregnation  ; they  arrive  at  the  upper 
part  of  the  uterus,  but  do  not  enter  the  Fallopian  tubes  ; a very  small  grain 
contained  in  the  vesicle  of  the  ovary,  escapes  from  it  the  moment  that  the 
latter  is  torn,  that  is  to  say,  some  days  after  coition  this  grain  or  corpuscle, 
already  made  known  by  De  Graaf,  descends  into  the  tube,  and  meets  (there) 
the  animalcules,  which  fecundate  it  several  days  after  the  approach  of  the 
sexes.® 
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Pregnancy  or  gestation. 


The  time  which  intervenes  between  the  instant  of  fecundation 
and  childbirth,  is  called  pregnancy  or  gestation  ; it  is  generally  nine 
months,  or  two  hundred  and  seventy  days  : all  this  time  is  occu- 
pied in  the  development  of  the  organs  of  the  new  individual. 

In  order  to  have  correct  notions  of  pregnancy,  it  is  necessary  to 
study  in  succession  the  phenomena  that  take  place  in  the  ovarium 
after  fecundation,  those  that  happen  in  the  Fallopian  tube,  those 
that  belong  to  the  uterus  and  its  parts,  those  wdiich  are  seen  in  the 
whole  economy,  and,  lastly,  those  peculiar  to  the  foetus. 

Notwithstanding  the  numerous  labours  of  anatomists  and  physio- 
logists upon  the  changes  that  take  place  in  the  ovarium  after  fecun- 
dation, we  are  still  far  from  being  sufficiently  informed  in  this  re- 
spect. The  difficulty  consists  in  knowing  what  is  detached  from 
the  ovarium  to  pass  into  the  uterus  ; some  say  they  have  seen  a little 
vesicle  detached  from  the  ovarium  pass  into  the  Fallopian  tube,  and 
others  deny  even  having  observed  any  thing  of  this  kind.  I shall 
explain  what  I have  learned  by  observation  on  this  point. 

Twenty-four  or  thirty  hours  after  an  effective  coitus,  the  vesicles 
of  the  ovarium  that  were  most  developed  sensibly  augment  in  vo- 
lume. The  tissue  of  the  ovarium,  by  which  they  are  surrounded, 
becomes  more  consistent.  It  changes  colour,  and  becomes  of  a 
greyish  yellow. 

In  this  state,  the  tissue  of  the  ovarium  over  the  vesicle  takes  the 
name  of  corpus  luteum-  The  vesicle  continues  to  increase  during 
the  second,  third,  and  fourth  day.  The  corpus  luteum  increases  in 
the  same  proportion  at  this  epoch  ; it  contains  in  its  areola  a 
liquid  that  is  white,  opake,  and  in  its  appearance  analogous  to 
milk. 

After  this  time  the  vesicle  bursts  the  external  tunic  of  the  ova- 
rium, and  directs  itself  to  the  surface,  where  it  still  adheres  by 
one  of  its  sides.  In  dogs,  I have  seen  vesicles  pass  out  in  this 
manner  from  the  ovarium,  that  were  of  the  size  of  an  ordinary 
hazel-nut.  In  this  state,  they  present  nothing  interiorly  that 
can  be  considered  as  a germ  ; their  surface  is  smooth  ; the  liquid 
they  contain  no  longer  coagulates  into  a mass,  as  before  impregna- 
tion. 


COMPENDIUM  OF  PHYSIOLOGY. 


503 


After  the  vesicle  hàs  passed  out,  the  corpus  luteum  remains  in 
tlie  ovarium  ; it  presents  in  its  centre  a cavity  greater  in  propor- 
tion as  the  time  of  conception  is  less  distant.  This  cavity,  as  well 
as  the  corpus  luteum  itself,  diminishes  as  the  time  increases  ; but 
the  diminution  of  the  latter  is  very  slow,  and  the  ovary  always 
contains  those  of  preceding  impregnations,  a circumstance  which 
has  often  deceived  observers. 

Tims  the  first  effects  of  impregnation  happen  in  the  ovarium, 
and  consist  of  the  development  of  one  or  several  vesicles,^and  of 
as  many  corpora  lutea  ; sometimes  vesicles  are  found  filled  with 
blood  ; they  seem  to  have  been  too  strongly  affected  by  the  semen"; 
it  also  appears  that  in  cei  tain  cases  the  vesicles  of  one  or  more  cor- 
pora lutea  burst  before  their  entire  development  : for  it  is  not  un- 
frcquent  to  find  more  corpora  lutea  in  the  ovarium  than  vesicles  at 
its  surface. 


Action  of  the  Fallopian  tube. 

Amongst  the  developed  vesicles  attached  to  the  surface  of  the 
ovarium,  there  is  generally  one  which  adheres  to  its  hollow  mu- 
cous orifice,  the  tissue  of  which  is  softened  and  gorged  with 
blood,  and  presents  an  evident  peristaltic  motion.  I have  never 
immediately  perceived  the  vesicle  in  the  Fallopian  tube  ; but  I 
have  several  times  seen  a vesicle  which  had  descended  as  far  as 
the  most  inferior  part  of  the  angle  of  the  uterus,  whilst  another 
had  already  adhered  to  the  extremity  of  the  tube.  At  this  instant 
the  body  of  the  tube  was  so  enlarged  as  to  be  near  half  an  inch  in 
diameter  : it  was  therefore  a sufficient  size  to  allow  the  vesicles  to 
pass. 

The  time  at  which  the  vesicles  pass  through  the  tube,  appears 
to  be  variable,  according  to  the  kinds  of  animals. 

In  rabbits  it  seems  to  take  place  from  the  third  to  the  fourth  day  ; 
in  female  dogs  from  the  sixth  to  the  eighth.  It  is  probably  still 
later  in  woman,  and  perhaps  seldom  happens  before  the  twelfth. 
Doctor  Maygrier  assures  me  that  he  has  seen  the  produce  of  im- 
pregnation thrown  out  by  an  abortion  the  twelfth  day  of  preg- 
nancy ; it  was  a little  vesicle  slightly  flocculent  at  its  surface,  and 
full  of  a transparent  liquid.  The  vascular  appendices  in  which 
the  Fallopian  tube  terminates  in  the  human  species,  are  probably 
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intended  to  form  adliesions  with  the  vesicle  which  is  detached 
from  tlie  ovarium,  and  to  pour  out  a duid  on  them  which  may  favour 
their  development.  Alter  their  passage  the  tube  retracts,  and  re- 
sumes its  former  diameter. 

Arrived  in  the  cavity  of  the  uterus,  the  ovum  closely  unites  with 
the  interior  surface  of  this  organ  ; here  it  receives  the  materials  ne- 
cessary for  its  growth,  and  acquires  a considerable  volume.  The 
uterus  yields  to  this  augmentation,  changes  form,  position,  &c. 

Changes  of  the  uterus  in  pregnancy. 

In  the  first  three  months  of  pregnancy,  the  development  of  the 
uterus  is  inconsiderable,  and  takes  place  in  the  hollow  of  the  pel- 
vis ; but  in  the  fourth  the  organ  becomes  much  larger  : it  can  no 
longer  be  contained  in  this  cavity  ; it  rises,  and  is  then  lodged  in 
the  hypogastrium.  The  organ  continues  to  increase  in  all  direc- 
tions during  the  fifth,  sixth,  seventh,  and  eighth  months  ; it  occu- 
pies a space  still  greater  and  greater  in  the  abdomen,  compresses 
and  displaces  the  surrounding  organs,  and  crowds  the  intestines  into 
the  lumbar  and  iliac  regions.  At  the  end  of  the  eighth  month,  it 
alone  nearly  fills  the  hypogastric  and  umbilical  regions  ; its  fundus 
reaches  the  epigastric  region  ; after  this  epoch  the  fundus  sinks 
towards  the  umbilicus. 

The  cervix  uteri  undergoes  little  change  during  the  first  seven 
months  of  gestation,  and  the  organ  preserves  during  this  time  a 
conoid  figure  ; but,  afterwards,  the  neck  diminishes  in  length, 
opens  a little,  and  almost  entirely  disappears  ; then  the  uterus  has 
a perfect  ovoid  form,  and  its  volume,  according  to  Haller,  is  nearly 
twelve  times  larger  than  in  the  empty  state. 

The  uterus  cannot  possibly  change  its  form,  volume,  and  situa- 
tion, in  this  manner,  without  its  relations  with  the  adjoining  parts 
being  modified  ; indeed  the  peritoneal  folds  that  form  the  broad  liga- 
ments separate,  and  the  vagina  is  increased  in  length.  The  ovaria, 
retained  by  their  veins  and  arteries,  cannot  rise  with  the  fundus 
uteri  ; they,  as  well  as  the  Fallopian  tubes,  are  placed  upon  its 
lateral  parts.  The  round  ligaments  yield  to  its  elevation  as  far  as 
their  length  permits  ; afterwards  they  present  more  or  less  ob- 
stacles, and  tend  to  direct  the  fundus  uteri  forward,  which  must 
have  an  advantageous  effect  for  the  abdominal  circulation,  in  les- 
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sening  the  compression  of  the  great  vessels.  The  abdominal  pa- 
rietes  suffer  a considerable  extension  ; thence  the  wrinkles  that  ap- 
pear on  the  abdomen  of  women  who  have  had  several  children. 

In  proportion  as  the  uterus  becomes  developed,  its  tissue  loses  Chanse  in  the 

. * . . , . * Structure  of 

Its  consistence  ; it  assumes  a pretty  deep  red  colour,  and  a sponge-  yie  uterus 
like  arrangement  ; its  fibrous  structure  becomes  more  evident,  nancy. 
Longitudinal  fibres  are  seen  on  the  exterior,  which  run  from  the 
fundus  to  the  cervix,  where  they  are  crossed  at  right  angles  by 
circuiar  fibres.®  Below  this  layer  the  uterine  tissue  presents  an 
inextricable  interlacement  of  fibres,  where  no  regular  arrangement 
can  be  distinguished  ; in  this  state  the  organ  seems  endowed  with 
a particular  contractility,  which  has  in  animals  the  greatest  ana- 
logy with  the  peristaltic  motion  of  the  intestines  ; its  interior  sur- 
face presents  immediately  after  impregnation  an  albuminous  layer, 
which  strongly  adheres  to  it.  This  layer  increases  with  the  organ 
in  the  earlier  periods  of  pregnancy,  but  in  a great  measure  disap- 
pears afterwards.  W.  Hunter,  who  first  described  it  with  care, 
called  it  the  Decidua.  It  seems  intended  to  favour  the  adherence 
of  the  ovum  to  the  internal  surface  of  the  uterus  *. 

These  changes  in  the  volume  and  structure  of  the  uterus  ne- 
cessarily™produce  modifications  in  its  circulation.  Indeed,  the 
arteries  suffer  a very  considerable  dilatation  ; the  veins  also  in- 
crease much  ; they  form  in  the  parenchyma  of  the  organ  what  has 
been  improperly  called  the  sinus  uteri  ; the  lymphatic  vessels  also 
become  very  voluminous.  It  is  evident  that  the  quantity  of  blood 
that  traverses  the  uterus  in  a given  time,  is  in  relation  to  the 
changes  it  has  suffered,  and  the  new  functions  it  is  required  to 
fulfil. 

General  phenomena  of  pregnancy. 

Whilst  all  these  phenomena  take  place  in  the  uterus,  important 
modifications  happen  in  the  functions  of  the  mother,  and  often  be- 
gin to  shew  themselves  immediately  after  impregnation. 

A woman  who  has  conceived  has  no  longer  any  menstrual  dis- 
charge ; her  mammæ  swell  ; if  she  nurses,  her  milk  becomes  se- 
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TOUS,  and  is  injurious  to  the  child  ; her  eyelids  are  swelled  and 
bluish  ; her  visage  discoloured  ? the  perspiration  takes  a peculiar 
odour  ; a general  paleness  prevails,  with  a disgust  for  most  kinds 
of  food,  sometimes  accompanied  with  singular  appetites  ; constant 
nausea,  violent  pains  of  the  head  are  felt,  and  are  followed  by 
severe  vomitings  ; the  abdomen  becomes  extremely  sensible,  first 
flattens  to  be  afterwards  inflated  : some  women  lose  iheir  sleep, 
and  yet  cannot  quit  their  beds  without  extreme  fatigue  ; on  the 
other  hand,  valetudinary  delicate  women  have  their  health  esta- 
blished ; often  serious  diseases  are  arrested  in  their  course,  and  do 
not  recommence  until  after  parturition,  &c. 

Generally  speaking,  the  faculties  of  pregnant  women  are  en- 
feebled, they  are  affected  without  reason,  the  most  ordinary  events 
produce  in  them  deep,  and  almost  always  gloomy  impressions; 
hence  the  necessity  of  those  solicitous  .cares,  of  which  a woman  at 
this  time  becomes  the  object. 

To  those  different  accidents  that  cannot  he  explained,  are  added 
the  phenomena  which  evidently  depend  on  the  increased  volume 
of  the  uterus  : as  cramps  in  the  inferior  extremities,  swelling  of 
the  superficial  veins  of  the  thighs  and  legs,  a feeling  of  stiffness, 
and  prickling,  generally  arising  from  difficulty  of  circulation.  In 
the  latter  periods  of  pregnancy,  the  bladder  and  rectum  becoming 
strongly  compressed,  frequent  inclinations  to  go  to  stool,  and  to 
make  urine,  are  excited. 

We  need  not  add  empty  suppositions  to  these  phenomena,  of 
which  the  existence  is  certain  ; as,  for  example,  fractures  in  preg- 
nant women  uniting  with  more  difficulty  than  those  of  others  : ex- 
perience proves  directly  the  contrary. 

Development  of  the  ovum  in  the  uterus. 

Development  The  ovum,  in  the  first  moments  of  its  abode  in  the  uterus,  is 

of  the  ovum 

in  the  uterus,  fpee  and  Unattached  ; its  volume  is  nearly  that  which  it  had  in 
quitting  the  ovarium  ; but,  in  the  course  of  the  second  month,  its 
dimensions  increase,  it  becomes  covered  with  filaments  of  about  a 
line  in  length,  which  ramify  in  the  manner  of  bloodvessels,  and 
are  implanted  into  the  decidua.  In  the  third  month  they  are  seen 
only  on  one  side  of  the  ovum,  the  others  have  nearly  disappeared  ; 
but  those  which  remain  have  acquired  a greater  extent,  thickness, 
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ami  consistence,  and  are  more  deeply  implanted  into  the  deciduous 
membrane  ; taken  together,  they  form  the  placenta.  The  ovum,  in 
the  rest  of  its  surface,  presents  only  a soft  flocculent  layer,  called 
decidua  rejlexa.  The  ovum  continues  to  increase  until  the  end 
of  pregnancy,  in  which  its  volume  is  nearly  equal  to  that  of  the 
uterus  ; but  its  structure  suffers  important  changes,  which  we  shall 
examine. 

At  first  its  two  membranes  have  yielded  to  its  enlargement, 
whilst  becoming  thicker  or  more  resisting  : the  exterior  is  called 
chorion,  the  interior  amnion.  The  liquid  contained  by  the  latter 
augments  in  proportion  to  the  volume  of  the  ovum.  According  to 
Professor  Vauquelin,  it  presents  at  once  acid  and  alkaline  proper- 
ties. It  is  formed  of  water,  albumen,  soda,  muriate  of  soda,  and 
phosphate  of  lime  : M.  Berzelius  says  he  has  recognised  fluoric 
acid  in  it  ; perhaps  it  is  not  identically  the  same  in  different  periods 
of  gestation.  In  the  second  month  of  pregnancy  there  exists  also 
a certain  quantity  of  liquid  between  the  chorion  and  amnion,  but 
it  disappears  during  the  third  month. 

Up  to  the  end  of  the  third  week,  the  ovum  presents  nothing  in- 
dicative of  the  presence  of  the  germ  ; the  contained  liquid  is  trans- 
parent, and  partly  coagulable  as  before.  At  this  period  there  is 
seen  on  the  side  where  the  ovum  adheres  to  the  uterus  something 
slightly  opake,  gelatinous,  all  the  parts  of  which  appear  homo- 
geneous ; in  a short  time,  certain  points  become  opake,  two  dis- 
tinct vesicles  are  formed,  nearly  equal  in  volume,  and  united  by  a 
pedicle,  one  of  which  adheres  to  the  amnion  by  a small  filament. 
Almost  at  the  same  time  a red  spot  is  seen  in  the  midst  of  this 
last,  from  which  yellowish  filaments  are  seen  to  take  their  rise  : this 
is  the  heart,  and  the  principal  sanguiferous  vessels.  At  the  begin- 
ning of  the  second  month,  the  head  is  very  visible,  the  eyes  form 
two  black  points,  very  large  in  proportion  to  the  volume  of  the 
head  ; small  openings  indicate  the  place  of  the  ears  and  nostrils  ; 
the  mouth,  at  first  very  large,  is  contracted  afterwards  by  the  de- 
velopment of  the  lips,  which  happens  about  the  sixtieth  day,  with 
that  of  the  ears,  nose,  extremities,  &c. 

The  development  of  all  the  principal  organs  happens  successively 
until  about  the  middle  of  the  fourth  month  ; then  the  state  of  the 
embryo  ceases,  and  that  of  the  fetus  begins,  which  is  continued  till 
the  termination  of  pregnancy.  All  the  parts  increase  with  more  or 
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less  rapidity  during  this  time,  and  draw  towards  the  form  which 
they  must  present  after  birth.  We  have  already  explained  the 
principal  circumstances  that  regard  the  relative  functions  ; a few 
words  remain  to  be  said  of  nutritive  life.  Before  the  sixth  month, 
the  lungs  are  very  small,  the  heart  large,  but  its  four  cavities  are 
confounded,  or  at  least  difficult  to  distinguish  ; the  liver  is  large, 
and  occupies  a great  part  of  the  abdomen  ; the  gall-bladder  is  not 
full  of  bile,  but  of  a colourless  fluid  not  bitter  : the  small  intestine, 
in  its  lower  part,  contains  a yellowish  matter,  in  small  quantity, 
called  meconium  ; the  testicles  are  placed  upon  the  sides  of  the  su- 
perior lumbar  vertebrae  ; the  ovaria  occupy  the  same  position.  At 
the  end  of  the  seventh  month,  the  lungs  assume  a reddish  tint, 
which  they  had  not  before  ; the  cavities  of  the  heart  become  dis- 
tinct ; the  liver  preserves  its  large  dimensions,  but  removes  a little 
from  the  umbilicus  ; the  bile  shews  itself  in  the  gall-bladder  ; the 
meconium  is  more  abundant,  and  descends  lower  in  the  great  in- 
testine ; the  ovaria  tend  to  the  pelvis,  the  testicles  are  directed  to 
the  inguinal  rings.  At  this  period  the  fetus  is  capable  of  life,  that 
is,  it  could  live  and  breathe  if  expelled  from  the  uterus.  Every 
thing  becomes  more  perfect  in  the  eighth  and  ninth  months.  We 
cannot  here  follow  the  interesting  details  of  this  increase  of  the  or- 
gans ; they  belong  to  anatomy  : we  shall  consider  the  physiologi- 
cal phenomena  that  relate  to  them. 


Functions  of  ovum  begins  to  grow  as  soon  as  it  arrives  in  the  cavity  of  the 

the  fetus?  > if®  surface  is  covered  with  asperities  that  are  quickly  trans- 


formed into  sanguiferous  vessels  ; there  is  then  life  in  the  ovum.  But 
rve  have  no  distinct  idea  of  this  mode  of  existence  ; probably  the  sur- 
face of  the  ovum  absorbs  the  fluids  with  which  it  is  in  contact,  and 
these,  after  having  undergone  a particular  elaboration  by  the  mem- 
branes, are  afterwards  poured  into  the  cavity  of  the  amnion.® 


Functions  of  What  was  the  germ  before  its  appearance  ? Did  it  exist,  or  was 
of?hle?n?”'*  it  formed  at  that  instant  ? Does  the  little  almost  opake  mass  that 


composes  it  contain  the  rudiments  of  all  the  organs  of  the  fetus 
and  the  adult,  or  are  these  created  the  instant  they  begin  to  shew 
themselves?  What  can  be  the  nature  of  a nutrition  so  complicated, 
so  important,  performed  without  vessels,  nerves,  or  apparent  circu- 


Functions  of  ihe  ovum  and  of  the  fetus. 
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lation  ? How  does  the  heart  move  before  the  appearance  of  the  ^ 
nervous  system  ? Whence  comes  the  yellow  blood  that  it  contains 
at  first  ? &c.  &c.  No  reply  can  be  given  to  any  of  these  questions 
in  the  present  state  of  science. 

We  know  very  little  of  what  happens  in  the  embryo,  whose  or- 
gans are  oidy  yet  rudely  delineated  ; nevertheless,  there  is  a kind 
of  circulation  recognised.  The  heart  sends  blood  into  the  large 
vessels,  and  into  the  rudimentary  placenta  ; probably  blood  returns 
to  the  heart  by  veins,  &c.  But  when  the  new  being  has  reached  the 
fetal  state,  as  most  of  the  organs  are  very  apparent,  then  it  is  pos- 
sible to  recognise  some  of  the  functions  peculiar  to  that  state. 

The  circulation  is  the  best  known  of  the  functions  of  the  fetus  ; F'utirtions  of 

’the  fetus. 

it  is  more  complicated  than  that  of  the  adult,  and  is  performed  in  a 
manner  quite  different. 

In  the  first  place  it  cannot  be  divided  into  venous  and  arterial, 
for  the  fetal  blood  has  sensibly  every  where  the  same  appearance, 
that  is,  a brownish -red  tint;  in  other  respects  it  is  much  the  same 
as  the  blood  of  the  adult  ; it  coagulates,  separates  into  clot  and  se- 
rum, &c.  I do  not  well  know  why  some  learned  chemists  have  be- 
lieved that  it  does  not  contain  fibrin. 

The  placenta  is  the  most  singular,  and  one  of  the  most  important  of  the  pia- 

* ccntili 

organs  of  the  circulation  of  the  fetus  ; it  appears  to  succeed  to  those 
filaments  which  cover  the  ovum  during  the  first  months  of  preg- 
nancy. Very  small  at  first,  it  soon  acquires  a considerable  size.  It 
adheres,  by  its  exterior  surface,  to  tiie  uterus,  presents  irregular 
furrows,  which  indicate  its  division  into  several  lobes,  or,  as  they 
are  sometimes  named,  cotyledons,  the  number  and  form  of  which 
are  not  determined.  Its  fetal  surface  is  covered  by  the  chorion  and 
amnion,  except  near  its  centre,  into  which  the  umbilical  cord  is  in- 
serted.a  Its  parenchyma  is  formed  of  sanguiferous  v'essels,  divided 
and  subdivided.  They  belong  to  the  divisions  of  the  umbilical  ar- 
teries, and  to  the  radicles  of  the  vein  of  the  same  name,  also  to  the 
corresponding  uterine  vessels.  The  vessels  of  one  lobe  do  not  com- 
municate with  those  of  the  adjoining  lobes  ; but  those  of  the  same 
cotyledon  anastomose  frequently,  for  nothing  is  more  easy  than  to 
make  injections  pass  from  one  of  these  to  another. 

The  umbilical  cord  extends  from  near  the  centre  of  the  placenta  umbilical 
to  the  umbilicus  of  the  child  ; its  length  is  often  almost  two  feet  ; 
it  is  formed  by  the  two  umbilical  arteries  and  the  vein,  connected 
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by  a very  close  cellular  tissue,  and  it  is  covered  by  the  two  mem- 
branes of  the  ovum. 

In  the  first  months  of  pregnancy,  a vesicle,  which  receives  small 
vessels,  being  a prolongation  of  the  mesenteric  artery,  and  the  me- 
seraic  vein,  is  found  in  the  body  of  the  cord,  between  the  chorion 
and  amnion,  near  the  umbilicus.  This  vesicle  is  not  analogous  to 
the  allantoid  ; it  represents  the  membranes  of  the  yolk  of  birds 
and  reptiles,  and  the  umbilical  vesicle  of  the  mammalia  *.  It  con- 
tains a yellowish  fluid,  which  seems  to  be  absorbed  by  the  veins  of 
its  parietes. 

The  umbilical  vein,  arising  from  the  placenta,  and  then  arriving 
at  the  umbilicus,  enters  the  abdomen,  and  reaches  the  inferior  sur- 
face of  the  liver;  there  it  divides  into  two  large  branches,  one  of 
which  is  distributed  to  the  liver,  along  with  the  vena  forta,  whilst 
the  other  soon  terminates  in  the  vena  cava  under  the  name  of 
ductus  venosus.  This  vein  has  two  valves,  one  at  the  place  of  its 
bifurcation,  and  the  other  at  the  junction  with  the  vena  cava. 

The  heart  and  the  large  vessels  of  the  fetus  capable  of  life,  are 
very  different  from  what  they  become  after  birth  ; the  valve  of  the 
vena  cava  is  large  ; the  partition  of  the  auricles  presents  a large 
opening  provided  with  a semilunar  valve,  called  foramen  ovale. 
The  pulmonary  artery,  after  having  sent  two  small  branches  to  the 
lungs,  terminates  almost  immediately  in  the  aorta,  in  the  concave 
aspect  of  the  arch  ; it  is  called  in  this  place  ductus  arteriosus. 

The  last  character  proper  to  the  circulating  organs  of  the  fetus, 
is  the  existence  of  the  umbilical  arteries,  which  arise  from  the  in- 
ternal iliacs,  are  directed  over  the  sides  of  the  bladder,  attach 
themselves  to  the  urachus,^  pass  out  of  the  abdomen  by  the  umbi- 
licus, and  go  to  the  placenta,  where  they  are  distributed  as  has  been 
mentioned  above. 

According  to  this  disposition  of  the  circulating  apparatus  of  the 
fetus,  it  is  evident  that  the  motion  of  the  blood  ought  to  be  differ- 
ent in  it  from  that  in  the  adult.  If  we  suppose  that  the  blood  sets 
out  from  the  placenta,  it  evidently  passes  through  the  umbilical 


* See  the  paper  of  M.  Dutrochet,  on  the  involucra  of  the  ovum,  inserted 
amongst  those  of  the  Medical  Society  of  Emulation,  tom.  viii.,  and  the  beau- 
tiful researches  of  M.  Cuvier  on  the  same  subject. — {Annates  du  Museum, 
1817.) 
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vein  as  far  as  the  liver  ; there,  one  part  of  the  blood  passes  into  the 
liver,  and  the  other  into  the  vena  cava  ; these  two  directions  carry 
it  to  the  heart  by  the  inferior  vena  cava.  Being  arrived  at  this  oi‘- 
gan,  it  penetrates  into  the  right  auricle,  and  then  into  the  left  by 
the  foramen  ovale,  at  the  instant  in  which  the  auricles  are  dilated. 

At  this  moment,  the  blood  of  the  inferior  vena  cava  is  inevitably 
mixed  with  that  of  the  superior.  How,  indeed,  could  two  liquids 
of  the  same  nature,  or  nearly  so,  remain  insulated  in  a cavity  in 
which  they  arrive  at  the  same  time,  and  which  contracts  to  expel 
them  *?  I am  not  ignorant  that  Sabatier,  in  his  excellent  Trea- 
tise on  the  circulation  of  the  fotus,  has  maintained  the  contrary  ; 
but  his  arguments  do  not  change  my  opinion  in  this  respect.  How- 
ever it  may  be,  the  contraction  of  the  auricles  succeeds  their  dila- 
tation ; the  blood  is  thrown  into  the  two  ventricles  the  instant  they 
dilate  ; these  in  their  turn  contract,  and  drive  out  the  blood,  the 
left  into  the  aorta,  and  the  right  into  the  pulmonary  artery  ; but 
as  this  artery  terminates  in  the  aorta,  it  is  clear  that  all  the  blood 
of  the' two  ventricles  passes  into  the  aorta,  except  a very  small  por- 
tion that  goes  to  the  lungs.  Under  the  influence  of  these  two 
agents  of  impulsion,  the  blood  is  made  to  flow  through  all  the  di- 
visions of  the  aorta,  and  returns  to  the  heart  by  the  venæ  cavæ. 

Lastly,  it  is  carried  to  the  placenta  by  the  umbilical  arteries,  and 
returns  to  the  fetus  by  the  vein  of  the  cord. 

It  is  easy  to  conceive  the  use  of  the  foramen  ovale,  and  the  due-  use  of  the  fo- 
tus arteriosus  ; the  left  auricle,  receiving  very  little  blood  from  the 
lungs,  could  not  furnish  any  to  the  left  ventricle,  if  it  did  not  re- 
ceive it  from  the  opening  in  the  partition  of  the  auricles.  On  the 
other  hand,  the  lungs  have  no  functions  to  fulfil  ; if  all  the  blood  of 
the  pulmonary  artery  were  distributed  in  them,  the  impulsive  force 
of  the  right  ventricle  would  have  been  vainly  consumed  ; whilst, 
by  means  of  the  ductus  arteriosus,  the  force  of  both  ventricles  is 
employed  to  move  the  blood  of  the  aorta  ; without  the  joint  action 
of  both  ventricles,  probably  the  blood  could  not  have  reached  the 
placenta,  and  returned  again  to  the  heart.» 

• The  contractions  of  the  feeble  walls  of  the  right  auricle  could  only  alter 
the  course  of  the  blood  from  the  two  great  veins  ; but  the  power  of  the  sinuses 
over  their  contents  is  less,  and  not  greater,  than  the  power  of  the  vessels  to 
which  they  belong.  The  relative  force  of  the  venous  streams  to  each  other, 
must  therefore  remain  undisturbed,  at  least  with  regard  to  direction. Tr. 
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The  motions  of  the  heart  are  very  rapid  in  the  fetus  ; they  ge- 
nerally exceed  120  in  a minute:  the  motion  of  the  circulating 
blood  possesses  necessarily  a corresponding  rapidity. 

A delicate  question  now  presents  itself  for  examination.  What 
are  the  relations  of  the  circulation  of  the  mother  with  that  of  the 
fetus  ? In  order  to  arrive  at  some  precise  notion  on  this  point,  the 
mode  of  junction  of  the  uterus  and  placenta  must  first  be  exa- 
mined. 

Reiationsof  Anatomists  differ  in  this  respect.  It  was  long  believed  that  the 

tlieciTculation  . . ! . ° 

of  the  mother  uterine  arteries  anastomosed  dii  ectlv  with  the  radicles  of  the  um- 

with  that  of  . . . . . . 

the  fetus.  bilical  vein,  and  that  the  last  divisions  of  the  arteries  of  the  placen- 
ta opened  into  tlie  veins  of  the  uterus  ; but  the  acknowledged  im- 
possibility of  making  matters  injected  into  the  uterine  veins  pass 
into  the  umbilical  veins,  and  reciprocally  to  cause  liquid  matters 
injected  into  the  umbilical  arteries  to  reach  the  veins  of  the  uterus, 
caused  this  idea  to  be  renounced.a  It  is  at  present  generally  ad- 
mitted, that  the  vessels  of  the  placenta  and  those  of  the  uterus  do 
not  anastomose.  I have  made  some  researches  on  this  subject,  of 
which  I here  present  the  principal  results. 

Experiments  I first  attempted  injections  of  the  placenta  by  the  vessels  of  the 

on  the  circu-  i j i ^ 

lation  of  the  uterus,  but  without  any  success  ; I even  tried  it  on  living  animals, 

fetus.  ’ ^ O’ 

without  succeeding  better;  I employed  poisonous  matters,  of  which 
I knew  the  effects,  and  also  odoriferous  substances,  but  I could 
not  suspect  any  direct  communication. 

In  bitches,  about  the  middle  of  their  gestation,  there  are  seen  a 
great  number  of  little  arteries,  which,  issuing  from  the  tissue  of  the 
uterus,  pass  into  the  placenta,  where  they  are  divided  into  several 
ramifications.  At  this  period,  it  is  impossible  to  separate  these  two 
organs,  without  tearing  these  arteries,  and  producing  a considera- 
ble hemorrhage  ; but,  at  the  end  of  gestation,  by  drawing  away  the 
uterus,  however  slightly,  these  small  vessels,  with  their  divisions, 
separate  from  the  placenta,  and  no  bleeding  ensues. 

When  a quantity  of  camphor  is  injected  into  the  veins  of  a dog, 
the  blood  soon  takes  a strong  odour  of  camphor.  After  having 
made  this  injection  in  a bitch  with  pups,  I extracted  a fetus  from 
the  uterus  ; at  the  end  of  three  or  four  minutes,  its  blood  had  no 
odour  of  camphor  ; only  a second  fetus,  extracted  after  a quarter 
of  an  hour,  had  a strong  odour  of  camphor.  It  was  the  same  with 
the  other  fetuses. 
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Thus,  notwithstanding  the  want  of  direct  anastomosis  between 
the  vessels  of  the  uterus  and  tliose  of  the  placenta,  it  cannot  be 
doubted  that  the  blood  of  the  mother,  or  some  of  its  aliments, 
passes  promptly  into  the  fetus  ; it  is  probably  deposited  by  the 
uterine  vessels  at  the  surface,  or  in  the  tissue  of  the  placenta,  and 
absorbed  by  the  radicles  of  the  umbilical  vein. 

It  is  much  more  difficult  to  know  if  the  blood  of  the  fetus  re- 
turns to  the  mother. 

In  animals,  amongst  the  small  vessels  which  go  from  the  uterus 
to  the  placenta,  there  is  not  one  which  has  the  appearance  of  a 
vein.  In  woman,  large  openings,  that  communicate  with  the  ute- 
rine veins,  are  seen  in  the  part  of  the  uterus  to  which  the  placenta 
adheres  ; but  it  is  not  known  whether  these  venous  oribces  are 
intended  to  absorb  the  blood  of  the  fetus,  or  to  allow  that  of  the 
mother  to  escape  at  the  surface  of  the  placenta:  I would  more 
willingly  admit  the  latter  idea,  but  no  proof  exists. 

I have  often  injected  very  active  poisons  into  the  vessels  of  the 
cord,  directing  them  towards  the  placenta  ; but  I have  never  seen 
the  mother  suffer  from  the  effects  of  them  ; and  if  she  dies  of  he- 
morrhage, the  vessels  of  the  fetus  remain  full  of  blood. 

Since  the  anastomosis  of  the  vessels  of  the  uterus  does  not  exist, 
it  is  not  very  likely  that  the  circulation  of  the  mother  has  any  other 
influence  on  that  of  the  fetus,  except  by  pouring  blood  into  the 
areolæ  of  the  placenta  : the  heart  of  the  fetus  must,  then,  be  the 
primum  mobile  of  its  blood. 

Fetuses  have  been  noticed,  however,  well  formed,  that  were 
born  without  a heart.  But  are  these  observations  very  correct  ? 
(There  are  well  proved  cases  of  placentas  entirely  separated  from 
the  fetuses,  which  were  dead,  and  which  still  continued  to  grow. 
M.  Ribes  recently  observed  a case  in  which  the  umbilical  cord  was 
jbroken,  and  perfectly  cicatrized.  How,  under  these  circumstances, 
had  the  circulation  been  supported  in  this  organ  ? 

We  conclude  that  the  relations  of  the  circulation  of  the  mother 
with  that  of  the  fetus,  require  new  experiments. 

Some  authors  have  advanced,  that  the  placenta  is  to  the  fetus 
what  the  lungs  are  to  the  child  that  breathes  ; others  have  endea- 
voured to  explain  the  large  volume  of  the  liver,  by  attributing  to 
^t  the  formation  of  blood.  These  assertions  are  unfounded.  A dark 
surrounds  what  regards  the  functions  of  the  supra-renal 
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Digestion  of 
the  fetus. 


Venous  ab- 
sorption of 
the  fetus. 


Exhalations 
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capsules,  the  thymus  and  thyroid  gland,  whose  dimensions  are  con- 
siderable in  the  fetus  ; this  subject  has  often  occupied  the  imagina- 
tion of  physiologists,  without  yielding  any  real  advantage  to  science. 

Notwithstanding  the  high  authority  of  Boerhaave,  it  cannot  be 
admitted  that  the  fetus  continually  swallows  the  water  of  the  am- 
nion, and  digests  it  for  its  nourishment.  Its  stomach,  indeed,  con- 
tains a viscid  matter  in  considerable  quantity,  but  it  has  no  re- 
semblance to  the  liquor  amnii  ; it  is  very  acid,  and  gelatinous  ; to-  ^ 
wards  the  pylorus,  it  is  somewhat  grey,  and  opake  ; it  appears  to  ^ 
be  converted  into  chyme  in  the  stomach,  in  order  to  pass  into  the  ‘ 
small  intestine,  where,  after  having  been  acted  upon  by  the  bile, 
and  perhaps  by  the  pancreatic  juice,  it  furnishes  a peculiar  chyle.  , 
The  remainder  descends  afterwards  into  the  large  intestine,  where 
it  forms  the  meconium,  which  is  evidently  the  result  of  digestion,' j* 
during  gestation.  Whence  does  the  digested  matter  come  ? It  is  '■ 
probably  secreted  by  the  stomach  itself,  or  descends  from  the  œso-  - 
phagus  ; there  is  nothing,  however,  to  prevent  the  fetus  from  swal- 
lowing, in  certain  cases,  a few  mouthfuls  of  the  liquor  amnii  ; and  | 
this  seems  to  be  proved  by  certain  hairs,  like  those  of  the  skinj  <■ 
being  found  in  the  meconium.  It  is  important  to  remark,  that  the  || 
meconium  is  a substance  containing  very  little  azote.  Nothing  is 
yet  known  regarding  the  use  of  this  digestion  of  the  fetus  ; it  is  / 
probably  not  essential  to  its  growth,  since  infants  have  been  born^^ 
without  a stomach,  or  any  thing  similar.  : j 

Some  persons  say  they  have  seen  chyle  in  the  thoracic  duct  of  1 
the  fetus  ; I have  never  seen  any  thing  of  this  kind  : In  living  ani-  \ - 
mais,  this  canal  and  the  lymphatics  contain  a fluid  analogous  to  i 
lymph,  and  which,  like  it,  coagulates  spontaneously. 

I once  attempted  to  ascertain,  in  a direct  manner,  if  venous  ab-  • 
sorption  exists  in  the  fetus  still  in  utero.  I injected  very  active  ! 
poisonous  substances  into  the  pleura,  the  peritoneum,  and  the  cel-’  ■ 
lular  tissue,  but  I obtained  no  satisfactory  result  ; for  the  nervous  i 
system  of  fetuses  that  have  not  yet  breathed,  does  not  seem  sen- 
sible to  the  action  of  poisons. 

Exhalations  seem  to  take  place  in  the  fetus,  for  all  its  surfaces  i 
are  lubricated  nearly  in  the  same  manner  as  afterwards  ; fat  is  in  ( 
abundance  ; the  humours  of  the  eye  exist  ; cutaneous  transpiration  > 
very  probably  takes  place  also,  and  mixes  continually  with  the  liquor  i 
amnii.  With  regard  to  this  last  liquor,  it  is  difficult  to  say  whence  t 
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it  derives  its  origin  ; and  though  no  sanguiferous  vessels  appear  to 
be  directed  to  the  amnion,  it  is  nevertheless  probable  that  this 
membrane  is  its  secreting  organ. 

The  cutaneous  and  mucous  follicles  are  developed,  and  seem  to  PoiHcuiar 
possess  an  energetic  action,  especially  from  the  seventh  month  ; fetus, 
the  skin  is  then  covered  by  a pretty  thick  layer  of  fatty  matter,  se- 
creted by  the  follicles.  Several  authors  have  improperly  considered 
it  as  a deposit  of  the  liquor  amnii.  The  mucus  is  also  abundant  in 
the  two  last  months  of  gestation. 

All  the  elands  employed  in  digestion  have  a considerable  volume,  Glandular  se- 

® ^ . . . . cretions  of 

and  seem  to  possess  some  activity  ; the  action  of  the  others  is  little  the  fetus, 
known.  It  is  not  known,  for  example,  whether  the  kidneys  form 
urine,  or  whether  this  fluid  is  injected  by  the  urethra  into  the  cavi- 
ty of  the  amnion.  The  testicles  and  mammæ  seem  to  form  a fluid 
that  resembles  neither  milk  nor  semen,  and  which  is  found  in  the 
vesiculae  séminales,  and  lactiferous  canals. 

What  can  be  said  about  the  nutrition  of  the  fetus?  Physiologi- 
cal works  contain  only  vague  conjectures  on  this  point  : it  appears 
certain  that  the  placenta  draws  from  the  mother  the  materials  ne- 
cessary for  the  development  of  the  organs  ; but  what  the  materials 
are,  or  how  they  are  disposed  of,  we  do  not  know. 

There  being  no  respiration  before  birth,  the  animal  heat  of  the  4"tîîe*f«u& 
fetus  cannot  depend  on  it.  It  has  been  shewn  by  experiment,  that 
it  does  not  rise  above  92“  .75  F.,  or  95°  F.  ; it  is  said  to  be  more 
elevated  when  the  fetus  lies  dead  in  the  uterus  *.  If  this  fact  be  cor- 
rect, the  fetus  must  possess  some  means  of  lessening  the  tempera- 
ture that  does  not  exist  after  birth. 

This  is  the  little  that  is  known  regarding  the  nutritive  functions 
of  the  fetus  ; what  regards  the  relative  functions  has  been  already 
explained. 

Since  the  mother  transmits  to  the  fetus  the  materials  necessary  Relation  of 

. ....  1*11  * the  functions 

for  Its  nutrition,  it  is  necessarily  connected  with  the  nature  and  of  the  mother 

. « .1  • 1 T 1 /»  with  tho.sp  of 

quantity  of  materials  transmitted  : if  they  are  of  a salutary  nature,  the  fetus, 
and  if  the  quality  is  sufficient,  the  growth  will  take  place  in  a pro- 
per manner  ; but  if  the  proportion  is  too  small,  or  the  quantity  of 
them  unsuitable,  the  fetus  will  be  ill  fed,  will  cease  to  grow,  or  will 
perish.®  Now,  the  situation  of  the  mother  being  known  to  modify 
the  proportion  and  the  nature  of  the  elements  that  pass  to  the  pla- 

* For  the  temperature  of  infants  at  various  ages,  seethe  able  work  of  Dr 
Holland,  entitled  Exi>erimental  Inquiry  into  the  Laws  of  Life,  p.  124. 
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centa,  it  is  just  to  say  that  her  imagination  must  have  an  influence  on 
the  fetus.  It  is  thus  that  sudden  terror,  violent  anger,  immoderate 
joy,  may  cause  the  death  of  the  fetus,  or  retard  its  growth.  Phy- 
sical causes,  as  blows,  falls,  the  action  of  certain  medicines,  the  bad 
quality  of  food,  may  have  the  same  result,  because  in  the  same  man- 
ner they  injure  the  transmission  of  the  nutritive  materials  of  the 
fetus.  If  the  mother  is  affected  with  a contagious  disease,  the  fetus 
presents  the  symptoms  of  it  very  soon.  Thus  the  life  of  the  fetus 
evidently  depends  on  that  of  the  mother. 

Diseases  of  Besides  iniuries  which  happen  to  it  from  this  source,  the  fetus 

the  fetus.  , * 

is  frequently  attacked  with  spontaneous  diseases,  as  dropsies,  frac- 
tures, ulcers,  gangrene,  cutaneous  eruptions,  the  separation  of  some 
of  the  extremities,  and  many  other  local,  general,  or  interior  inju- 
ries. These  diseases  often  produce  its  death  before  birth,  or  if  it 
reach  that  period,  they  prevent  its  living  beyond  it.  The  mem- 
branes of  the  ovum,  the  placenta,  the  liquor  amnii,  are  not  always 

vitiovs  rnn-  foreign  to  these  disorders.  By  the  effect  of  unknown  causes,  the 

formations.  ® ^ ^ 

different  parts  of  the  fetus  are  sometimes  developed  in  a vitious 
manner  ; one  or  several  of  the  natural  openings  of  its  body  may  not 
exist,  or  may  be  closed  by  membranes  ; the  lungs,  stomach,  bladder, 
kidneys,  liver,  and  brain,  are  sometimes  wanting  entirely,  or  pre- 
sent unusual  appearances  ; generally,  according  to  the  remark  of 
M.  Bedard,  when  a nerve  is  wanting,  the  part  to  which  it  is  prin- 
cipally distributed  does  not  exist. 

Mjinstrosi-  Other  malformations,  or  monstrosities,  which  happen  also  from 
unknown  causes,  seem  to  depend  on  the  confusion  of  two  germs, 
or  embryos  : whence  result  children  with  two  heads  and  one  body, 
or  with  two  trunks  and  only  one  head  ; some  have  four  arms  and 
four  legs,  well  or  ill  formed.  Fetuses  not  developed  have  been  found 
several  times  in  the  abdomen  of  individuals  advanced  in  age,  &c. 
There  is  no  reason  to  believe  that  the  imagination  of  the  mother  can 
have  any  effect  on  the  formation  of  these  monsters  ; productions  of 
this  kind,  indeed,  are  daily  observed  among  the  lower  animals  and 
plants. 

Multiple  Instead  of  one  fetus,  it  is  not  singular  for  the  uteras  to  contain 

pregnancies.  . t-  • • i • i, 

two.  Ihis  case  happens  m France  once  in  eighty;  it  seems  to  be 
still  more  frequent  in  England.  The  gestation  of  three  fetuses  is 
much  more  rare  ; in  36,000  births,  which  have  happened  at  the 
Hospice  de  la  Maternité,  at  Paris,  it  has  been  only  four  times  ob- 
served. We  have  some  authentic  examples  of  women  who  have 
had  four,  and  even  five  fetuses  at  a time  ; but  beyond  this  number 
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the  relations  of  authors  seem  entirely  fabulous.  In  these  multiple 
pregnancies,  the  volume  and  weight  of  the  fetuses  are  in  relation 
to  their  number  ; twins  are  smaller  than  ordinary  fetuses  ; triple 
and  quadruple  births  are  much  more  so  ; but,  whatever  is  their 
dimension,  they  are  each  surrounded  by  their  own  amnicn  and 
chorion,  and  have  each  a distinct  placenta.  Thus,  they  possess  a 
■ distinct,  independent  existence,  so  that  one  may  die  at  a very  early 
^ period  of  pregnancy,  whilst  the  others  continue  to  grow. 

^ Nothing  inclines  us  to  believe  that,  in  multiple  pregnancies,  fe- 
I cundation  takes  place  at  two  or  three  different  times,  and  that  su- 

i perfitation  really  exists.^  Histories  that  are  related  in  this  re- 

Î spect,  are  far  from  presenting  the  degree  of  certainty  necessary  in 
I a science  of  facts. 

OJ~  childbirth. 

*■1  After  seven  months  of  pregnancy,  the  fetus  has  all  the  condi- 
:i  tions  for  breathing,  and  exercising  its  digestion  ; it  may  then  be 

{separated  from  its  mother,  and  change  its  mode  of  existence  ; child- 
birth rarely,  however,  happens  at  this  period  : most  frequently  the 
fetus  remains  two  months  longer  in  the  uterus,  and  it  does  not  pass 
out  of  this  organ  till  after  the  revolution  of  nine  months. 

Examples  are  related  of  children  being  born  after  ten  full  months 
I of  gestation,  but  these  cases  are  very  doubtful;  for  it  is  very  diffi- 
Î cult  to  know  exactly  the  period  of  conception.  Our  present  legis- 
'!  lature,  however,  has  fixed  the  principle,  that  childbirth  may  take 
place  the  299th  day  of  pregnancy  *. 

I Nothing  is  more  curious  than  the  mechanism  by  which  the  fetus 
is  expelled  ; every  thing  happens  with  wonderful  precision  ; all 
seems  to  have  been  foreseen,  and  calculated  to  favour  its  passage 
through  the  pelvis,  and  the  genital  parts. 

The  physical  causes  that  determine  the  exit  of  the  fetus  are  the 
contraction  of  the  uterus,  and  that  of  the  abdominal  muscles  ; by 
their  force  the  liquor  amnii  is  discharged,  the  head  of  the  fetus 
; is  engaged  in  the  pelvis,  it  descends  through  it,  and  soon  passes 
out  by  the  external  parts,  the  folds  of  which  disappear  ; these  dif- 
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• From  the  late  researches  in  Britain,  occasioned  by  the  inquirj’  respect- 
ing the  Gardner  Peerage,  it  seems  fully  ascertained  that  9 calendar  months, 
pr  280  days,  is  very  generally  the  period  of  human  gestation. — Ta. 
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Third  period 
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Fourth  period 
of  childbirth. 


ferent  phenomena  take  place  in  succession,  and  continue  a certain 
time  : they  are  accompanied  with  pains  more  or  less  severe,  with 
swelling  and  softening  of  the  soft  parts  of  the  pelvis  and  external 
genital  parts,  and  with  an  abundant  mucous  secretion  into  the  ca- 
vity of  the  vagina.  All  these  circumstances,  each  in  its  own  way, 
favour  the  passage  of  the  fetus. 

To  facilitate  the  study  of  this  complicated  action,  it  must  be  di- 
vided into  several  periods. 

The^first  period  of  childbirth. — It  is  constituted  by  precursory 
signs.  Two  or  three  days  before  childbirth,  a flow  of  mucus  takes 
place  from  the  vagina,  the  external  genital  parts  swell,  and  be- 
come softer  ; it  is  the  same  with  the  ligaments  that  unite  the  bones 
of  tbe  pelvis  : the  cervix  uteri  becomes  flat  and  broad,  its  opening 
is  enlarged,  its  edges  become  thinner;  slight  pains,  known  under 
the  name  of  flying  pains,  are  felt  in  the  loins  and  abdomen. 

Second  period. — Pains  of  a peculiar  kind  come  on  : they  begin 
in  the  lumbar  region,  and  seem  to  be  propagated  towards  the 
cervix  uteri  or  the  rectum  ; they  are  renewed  only  after  consider- 
able intervals,  as  a quarter  or  half  an  hour.  Each  of  them  is  ac- 
companied with  an  evident  contraction  of  the  body  of  the  uterus, 
with  tension  of  its  neck,  and  dilatation  of  the  opening  ; the  finger 
directed  per  vaginam  discovers  that  the  envelopes  of  the  fetus  are 
pushed  outward,  and  that  there  is  a considerable  tumour  which  is 
called  the  waters  : the  pains  very  soon  become  stronger,  arid  the 
contractions  of  the  uterus  more  powerful  ; tbe  membranes  break, 
and  a part  of  the  liquid  escapes  ; the  uterus  contracts  on  itself,  and 
is  applied  to  the  surface  of  the  fetus. 

Third  period. — The  pains  and  contractions  of  the  uterus  in- 
crease considerably  ; they  are  instinctively  accompanied  by  the 
contraction  of  the  abdominal  muscles.  The  woman  who  is  aware 
of  their  effect  is  inclined  to  favour  them,  in  making  all  the  muscu- 
lar efforts  of  which  she  is  capable  : her  pulse  then  becomes  stronger 
and  more  frequent;  her  face  is  animated,  her  eyes  glisten,  her 
whole  body  is  in  extreme  agitation,  perspiration  flows  in  abun- 
dance. The  head  is  then  engaged  in  the  pelvis;  the  occiput, 
placed  at  first  above  tbe  left  acetabulum,  is  directed  inwards  and 
downwards,  and  comes  below  and  behind  the  arch  of  the  pubis. 

Fourth  period. — After  some  instants  of  repose,  the  pains  and 
expulsive  contractions  resume  all  their  activity  ; the  head  presents 
itself  at  the  vulva,  makes  an  effort  to  pass,  and  succeeds  when  there 
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I happens  to  be  a contraction  sufficiently  strong  to  produce  this  effect. 

I I The  head  being  once  disengaged,  the  remaining  parts  of  the  body 

i easily  follow,  on  account  of  their  smaller  volume.  The  section  of 
: the  umbilical  cord  is  then  made,  a ligature  being  put  around  it  at 
! a short  distance  from  the  umbilicus. 

Fifth  period. — If  the  accoucheur  has  not  proceeded  immediate-  Fifth  period 
; ly  to  the  extraction  of  the  placenta  after  the  birth  of  the  child,  birth.' 

’ slight  pains  are  felt  in  a short  time  ; the  uterus  contracts  feebly, 
but  with  force  enough  to  throw  off  the  placenta,  and  the  membranes 
of  the  ovum  : this  expulsion  bears  (in  France)  the  name  of  de- 
livery. During  the  twelve  or  fifteen  days  that  follow  childbirth, 
j the  uterus  contracts  by  degrees  upon  itself,  the  woman  suffers 
[ abundant  perspirations,  her  mammæ  are  extended  by  the  milk  that 
they  secrete  ; a flow  of  matter,  which  takes  place  from  the  vagina, 
called  lochia,  first  sanguineous,  then  whitish,  indicates  that  the  or- 
gans of  the  woman  resume,  by  degrees,  the  disposition  that  they 
had  before  conception. 

As  soon  as  the  child  is  separated  from  the  mother,  and  some- 
j times  before,  it  dilates  its  thorax,  and  draws  the  air  into  the  lungs, 

I which  permit  themselves  gradually  to  be  distended,  in  proportion 
as  the  motions  of  inspiration  are  repeated  : from  this  instant  respi- 
ration is  established,  and  will  remain  till  the  end  of  life.  The  dis- 
tention of  the  lungs  by  the  air  permits  the  blood  of  the  pulmonary 

' artery  to  pass  into  them  by  its  right  and  left  branches,  and  so  much 
less  of  it  passes  through  the  ductus  arteriosus,  that  it  contracts  by 
degrees,  as  well  as  the  foramen  ovale,  and  in  time  becomes  altoge- 

II  ther  obliterated.  The  same  phenomenon  takes  place  in  the  abdo- 
men, with  regard  to  the  umbilical  vein  and  arteries,  which  are 
transformed  into  a kind  of  fibrous  ligament. 

The  new-born  infant  is  from  eighteen  to  twenty  inches  in  length, 
and  in  weight  from  five  to  six  pounds.  Generally,  the  number  of 
births  of  boys  is  greater  than  that  of  girls.  The  number  of  children 
that  can  be  born  of  the  same  mother  do  not  exceed  the  number  of 
vesicles  in  the  ovarium,  that  is  about  forty. 

1 1 Cff  nursing. 

) The  painful  action  that  we  have  just  been  studying  does  not  Nursing. 

9 finish  the  part  that  nature  has  assigned  to  the  female  in  generation  ; 

4 ' she  owes  other  cares  to  the  new-born  infant  : she  must  protect  it 
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against  the  intemperance  of  the  air,  and  the  seasons  ; she  must 
watch  over  its  preservation,  and  its  physical  and  moral  education  ; 
finally,  she  must  provide  its  first  food,  that  which  is  alone  suitable 
for  the  delicacy  of  its  organs. 

This  food  is  the  milk  ; it  is  secreted  by  the  mammæ,  the  num- 
ber, form,  and  situation  of  which  are  distinctive  characters  of  the 
human  species.  Their  parenchyma  is  quite  distinct  from  that  of 
the  other  secreting  organs. — Each  mamma  has  twelve  or  fifteen  ex- 
cretory canals,  which  open  on  the  top,  or  upon  the  sides  of  the  nipple. 
The  arteries  that  go  to  the  mammæ  are  small,  but  very  numerous  ; 
they  have  abundance  of  lymphatic  vessels,  as  well  as  nerves  : thus, 
they  possess  a strong  sensibility. — The  nipple,  in  particular,  is  very 
sensible,  and  susceptible  of  a state  analogous  to  erection. 

Up  to  the  period  of  fecundation,  the  mammæ  are  inactive,  or  at 
least  have  no  apparent  secretion  ; but  from  the  first  periods  of  preg- 
nancy, particular  prickling  and  shooting  sensations  are  felt  in  them, 
and  they  increase  in  size.  After  a certain  time,  especially  about  the 
end  of  gestation,  a serous  fluid  flows  from  the  nipple,  which  is  some- 
times in  considerable  abundance,  and  is  called  colostrum.  The  se- 
cretion has  often  the  same  characters  for  two  or  three  days  after  par- 
turition ; but  the  milk,  properly  so  called,  soon  appears,  and  it  is  this 
liquid  which  the  mammæ  furnish  until  the  termination  of  nursing. 

The  milk  is  one  of  the  most  azotized  glandular  liquids  ; its  co- 
lour, odour,  and  taste,  are  known  to  every  body  : according  to 
M.  Berzelius,  it  is  composed  of  milk  properly  so  called,  and  of 


cream. 

Milk  contains  : 

Water,  928.75 

Casein,  with  a trace  of  sugar,  28.00 

Sugar  of  milk,  35.00 

Muriate  of  potass,  1.70 

Phosphate,  0.25 

Lactic  acid,  acetate  of  potass,  and  lactate  of  iron, 6.00 

Phosphate  of  lime,  0.30 

Cream  contains  ; 

Butter,  4.5 

Casein, 3.5 

Whey, 92.0 

In  this  last,  4.4  of  sugar  of  milk,  and  salt  is  found. 


It  has  been  long  since  observed,  that  the  quantity  and  the 
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nature  of  milk  changes  with  those  of  tlie  aliments,  and  this  fact 
gave  rise  to  the  singular  opinion,  that  the  lymphatics  were  the 
vessels  intended  to  carry  to  the  niammæ  the  materials  of  their 
secretion  ; but  the  milk,  like  the  urine,  varies  in  its  properties  ac- 
cording to  the  solid  or  liquid  substances  introduced  into  the  sto- 
mach. For  example,  the  milk  is  in  greater  abundance,  thicker, 

Jess  acid,  if  the  woman  is  fed  with  animal  matters  ; it  is  less  abun- 
dant, less  thick,  and  more  acid,  if  she  has  made  use  of  vegetables. 

Milk  assumes  peculiar  qualities  if  the  woman  has  taken  medicinal 
substances  ; for  example,  it  becomes  purgative  if  she  has  used 
rhubarb,  or  jalap,  &c. 

The  secretion  of  milk  is  prolonged  until  the  period  in  which  theserretion 

„ . . , -,  1 ,1  ofmilk. 

organs  of  mastication  have  acquired  the  development  necessary 
to  the  digestion  of  ordinary  aliments  ; it  ceases  only  in  the  second 
year. 

Though  the  secretion  of  milk  seems  proper  to  women  after  par- 
turition, it  has  been  seen  sometimes  in  virgins,  and  even  in  man  *. 

OP  SLF.EP. 

In  terminating  the  history  of  the  relative  functions,  we  have  of  sleep, 
said  tliat  these  functions  were  periodically  suspended  ; we  added, 
that,  during  this  suspension,  the  nutritive  and  generative  functions 
were  modified  : the  period  is  now  arrived  for  the  examination  of 
these  phenomena. 

When  the  time  of  being  awake  has  continued  for  sixteen  or 
eighteen  hours,  we  have  a general  feeling  of  fatigue  and  weak- 
ness ; our  motions  become  more  difficult,  our  senses  lose  their 
activity,  the  mind  becomes  confused,  receives  sensations  indis- 
tinctly, and  governs  muscular  contraction  with  difficulty.  We 
recognise,  by  these  signs,  the  necessity  of  sleep  ; we  choose  such 


• I have  not  thought  it  proper  to  introduce  into  this  work,  which  is  merely 
an  elementary  summary,  more  particular  descriptions  of  the  ages,  sexes, 
temperaments,  zoological  characters  of  men,  the  varieties  of  the  human  spe- 
cies, &c.  ; these  considerations  belong  to  natural  history  and  hygiène.  See 
the  articles  hygiène  of  the  Encyclopédie  Méthodique,  and  the  new  work  of  M. 
Cuvier  on  the  Règne  Animal.  Also  the  zoological  tables  at  the  end  of  this 
volume. 
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a position  as  can  be  preserved  with  little  effort  ; we  seek  obscu- 
rity and  silence,  and  sink  into  the  arms  of  oblivion. 

The  man  who  slumbers,  loses  successively  the  use  of  bis  senses  ; 
the  sight  first  ceases  to  act  by  the  closing  of  the  eyelids,  smell 
becomes  dormant  only  after  taste,  hearing  after  smell,  and  touch 
after  hearing  : the  muscles  of  the  limbs  being  relaxed,  cease  to 
act  before  those  that  support  the  head,  and  these  before  those  of 
the  spine.  In  proportion  as  these  phenomena  proceed,  the  res- 
piration becomes  slower  and  more  deep  ; the  circulation  dimi- 
nishes ; the  blood  proceeds  in  great  quantity  to  the  head  ; animal 
heat  siid<s  ; the  different  secretions  become  less  abundant.  Man, 
although  plunged  in  this  sopor,  has  not,  however,  lost  the  feeling 
of  his  existence  ; he  is  conscious  of  most  of  the  changes  that  hap- 
pen in  him,  and  which  are  not  without  their  charms  ; ideas  more 
or  less  incoherent  succeed  each  other  in  his  mind  ; he  ceases, 
finally,  to  be  sensible  of  existence  : he  is  asleep. 

During  sleep,  the  circulation  and  respiration  are  retarded,  as 
well  as  the  different  secretions,  and,  in  consequence,  digestion  be- 
comes less  rapid.^ 

I know  not  on  what  foundation  the  mobt  part  of  authors  say 
that  absorption  alone  acquires  more  energy.  Since  the  nutritive 
functions  continue  in  sleep,  it  is  evident  that  the  brain  has  ceased 
to  act  only  with  regard  to  muscular  contraction  and  as  an  organ 
of  intelligence,  and  that  it  continues  to  influence  the  muscles  of 
respiration,  the  heart,  the  arteries,  the  secretions,  and  nutrition. 

Sleep  is  profound  when  strong  excitants  are  necessary  to  arrest 
it  ; it  is  light  when  it  ceases  easily. 

Sleep,  such  as  it  has  been  described,  is  perfect  ; namely,  it  re- 
sults from  a suspension  of  the  action  of  the  relative  organs  of 
life,  and  from  the  diminution  of  the  action  of  the  nutritive  func- 
tions ; but  it  is  not  extraordinary  for  some  of  the  relative  organs 
of  life  to  preserve  their  activity  during  sleep,  as  it  happens  when 
one  sleeps  standing  ; it  is  also  frequent  for  one  or  more  of  the 
senses  to  remain  awake,  and  transmit  the  impressions  which  it 
perceives  to  the  brain  ; it  is  still  n)ore  common  for  the  brain  to 
take  cognisance  of  different  internal  sensations  that  are  developed 
during  sleep,  as  wants,  desires,  pain,  &c.  The  understanding  it- 
self may  be  in  exercise  in  man  during  sleep,  either  in  an  irregular 
and  incoherent  manner,  as  in  most  dreams,  or  in  a consequent 
and  regular  manner,  as  happens  in  some  persons  happily  organized. 
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The  turn  which  the  ideas  assume  during  sleep,»  or  the  nature  of  ideas  in  sleep, 
dreams,  depends  much  on  the  state  of  the  organs  ; if  the  stomach 
is  overcharged  with  undigested  food,  the  respiration  difficult  on 
account  of  position,  or  other  causes,  dreams  are  painful,  fatiguing  ; 
if  hunger  is  felt,  the  person  dreams  of  eating  agreeable  food;  if  it 
is  the  venereal  appetite,  the  dreams  are  erotic,  &c.  The  charac- 
ter of  dreams  is  no  less  influenced  by  habitual  occupations  of  the 
mind  ; the  ambitious  man  dreams  of  success  or  disappointment, 
the  poet  makes  verses,  the  lover  sees  his  mistress,  &c.  It  is  chiefly 
because  the  judgment  is  sometimes  correctly  exercised  in  dreams, 
with  regard  to  future  events,  that  in  times  of  ignorance  the  gift  of 
divination  was  attributed  to  them. 

Nothing  is  more  curious  in  the  study  of  sleep  than  the  history  of  somnambu- 
sleep-Viialkers}^  • 

Those  individuals,  being  first  profoundly  asleep,  rise  all  at  once, 
dress  themselves,  see,  hear,  speak,  employ  their  hands  with  ease, 
perform  certain  exercises,  write,  compose,  then  go  to  bed,  and  pre- 
serve, when  they  awake,  no  recollection  of  what  happened  to  them. 

What  difference  is  there,  then,  between  a sleep-walker  of  this  kind 
and  a man  awake  ? A very  evident  difference, — the  one  is  con- 
scious of  his  existence,  and  the  other  is  not  *. 

We  will  not,  like  certain  authors,  seek  the  proximate  cause  of 
sleep,  and  find  it  in  the  depression  of  the  laminæ  of  the  cerebrum, 
the  afflux  of  blood  to  the  brain,  &c.  Sleep,  which  is  the  immedi- 
ate effect  of  the  laws  of  organization,  cannot  depend  on  any  physi- 
cal cause  of  this  kind.  Its  regular  return  is  one  of  the  circum- 
stances that  contribute  the  most  to  the  preservation  of  health  ; its 
suppression,  even  for  a short  time,  is  often  attended  with  serious 
inconvenience,  and  in  no  case  can  it  be  carried  beyond  certain  limits. 


♦ Both  states  have  a lively  sense  of  existence,  but  the  sleep-walker  con- 
nects indistinctly  the  sense  of  present  existence  with  that  of  past  existence  ; 
and  has  but  a sort  of  moonlight  perception  of  his  relation  to  surrounding 
objects  ; and  out  of  these  two  impaired  or  disordered  relations,  arise  all  the 
phenomena  that  distinguish  the  somnambulist  from  the  waking  person  ; 
just  as  his  less  imperfect  perception  of  the  relation  of  surrounding  objects, 
distinguishes  him  from  the  mere  dreamer.  The  latter,  again,  is  distinguish- 
ed from  the  mere  sleeper,  by  having  sensations  which  are  distinct,  and  there- 
fore remembered— Te. 
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The  ordinary  duration  of  sleep  is  variable  ; generally,  it  is  from 
six  to  eight  hours  : fatigue  of  the  muscular  system,  strong  exer- 
tions of  the  mind,  lively  and  multiplied  sensations,  prolong  it,  as 
well  as  habits  of  idleness,  the  immoderate  use  of  wine,  and  of  too 
strong  aliments.  Infancy,  and  youth,  in  which  the  life  of  relation 
is  very  active,  have  need  of  longer  repose  : riper  age,  more  frugal  of 
time,  and  tortured  with  cares,  devotes  to  it  but  a small  portion. 
Very  old  people  present  two  opposite  modifications,  either  they  are 
almost  always  slumbering,  or  their  sleep  is  very  light  ; but  the  rea- 
son of  this  latter  is  not  to  be  found  in  the  foresight  they  have  of 
their  approaching  end. 

By  uninterrupted  peaceful  sleep,  restrained  within  proper  limits, 
the  powers  are  restored,  and  the  organs  recover  the  facility  of  ac- 
tion ; but  if  sleep  is  troubled  by  disagreeable  dreams,  and  painful 
impressions,  or  even  prolonged  beyond  measure,  very  far  from  re- 
pairing, it  exhausts  the  strength,  fatigues  the  organs,  and  sometimes 
becomes  the  occasion  of  serious  diseases,  as  fatuity,  and  madness, 

OF  DEATH. 

The  individual  existence  of  all  organized  bodies  is  temporary  ; 
none  escapes  the  hard  necessity  of  ceasing  to  be,  or  of  perishing; 
man  suffers  the  same  fate. 

The  history  of  the  individual  functions  has  shewn  us,  that  from 
the  first  periods  of  old  age,  and  sometimes  sooner,  the  organs  become 
deteriorated  ; that  many  of  them  entirely  lose  their  action  ; others 
are  absorbed  and  disappear  ; that,  finally,  at  the  age  of  decrepitude, 
life  is  reduced  to  some  remains  of  the  three  vital  functions,  and  to 
a few  deteriorated  nutritive  functions.  In  this  state,  the  least  ex- 
ternal cause,  the  smallest  blow,  the  slightest  fall,  is  sufficient  to  ar- 
rest one  of  the  three  functions  indispensable  to  life,  and  death  imme- 
diately arrives  as  the  last  term  of  destruction  of  the  functions  and 
organs.» 

But  few  men  arrive  at  this  end,  brought  on  by  the  progress  of 
age  alone.  Of  a million  of  individuals,  but  a very  few  attain  to  it  ; 
the  others  die  at  all  periods  of  life,  by  accidents  or  diseases  ; and 
this  great  destruction  of  individuals  by  causes  apparently  accidental, 
seems  to  enter  into  the  views  of  nature,  as  certainly>  as  the  pre- 
cautions she  has  taken  to  ensure  the  reproduction  of  the  species. 
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a,  Page  2.  Secondary  Properties The  few  elementary  principles  of 

physics  here  introduced,  are  necessary  for  the  general  coherence  of  the 
work.  The  distinction  of  the  properties  or  qualities  of  bodies  into  primary 
and  secondary,  adds  scarcely  any  thing  to  our  knowledge,  and  has,  there- 
fore, been  more  employed  by  metaphysicians  than  natural  philosophers. 
It  is  one  of  the  many  scientific  generalizations,  which  connect  objects 
only  by  those  relations  which  are  useless. 

a,  P.  3.  The  distinction  of  matter  into  organic  and  inorganic,  or  or- 
ganized and  brute  substances,  is  one  of  obvious  necessity  ; yet  it  is  no  easy 
matter  to  define  the  nature  and  limits  of  each.  Is  the  prussic  acid,  or  the 
carburetted  or  sulphuretted  hydrogen,  so  copiously  evolved  from  what  is 
called  organic  matter,  to  be  classed  with  brute  or  with  organized  substan- 
ces ? If  easy  decomposition  characterizes  the  latter,  who  can  refuse  this 
property  to  the  circumstances  just  cited  ? Nay,  the  presence  of  nitrogen 
in  the  first  of  them,  and  their  really  affording  gaseous  products  from  ex- 
ternal agency,  must  stül  further  confirm  their  claim.  Y et,  if  this  were  ad- 
mitted, it  must  be  granted  that  we  possess  a power  of  giving  origin  to  or- 
ganic bodies  at  our  pleasure,  since  these  gases  are  every  day  formed  by 
artificial  means. 

Again,  if  a certain  definite  arrangement  of  internal  particles  be  said  to 
be  essential  to  organization,  the  same  is  also  necessary  to  many  crystals, 
and  perhaps  to  every  individual  mineral  substance  ; and  many  of  them,  as 
stalactites  and  petrifactions,  evidently  acquire  this  from  the  influence  of 
external  agents.  Not  a few  bodies,  manifestly  organic,  become,  by  com- 
pression, petrifaction,  and  impregnation,  manifestly  brute,  as  we  see  in 
coal,  petrifactions,  and  perhaps  in  the  vitriolized  man,  whose  case  is  men. 
tioned  in  the  Philosophical  Transactions,  No.  384,  p.  236.  If  such  is  the 
ambiguity  of  this  distinction,  the  student  must  be  careful  to  employ  it 
only  in  those  obvious  cases  wherein  there  can  exist  no  possible  source  of 
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error.  The  tables  delivered  in  the  text  may  often  serve  to  lessen  his  dif. 
ficulty. 

a,  P.  4.  Table  II.  A less  exceptionable  distinction  than  any  here  given 
between  animals  and  vegetables,  is  the  general  fact,  that  the  former  ar  e 
nourished  by  an  internal  ’canal  bearing  always  a very  appreciable  pro- 
portion to  the  diameter  of  the  trunk  ; whilst  the  latter  imbibe  their  food 
fi'om  the  surrounding  contingent  bodies,  by  means  of  capillary  tubes  of  in- 
appreciable  relation  to  the  trunk  or  stem.  In  short,  the  animal  capillary 
organs  of  nutrition  lie  within  the  alimentary  canal  : from  this  resenmir, 
this  elaboratory,  they  draw  their  supplies  ; but  the  capillaries  of  the  ve- 
getable, open  on  its  surface.,  and,  without  reservoir,  without  preparation, 
draw  almost  indiscriminately  from  the  soluble  matters  offered  to  them  in 
their  immediate  vicinity. — See  Saussure's  Recherches  Chimiques  sur  la  Ve- 
getation, p.  264. 

a,  P.  5.  Though  true  in  the  detail,  these  and  similar  observations  must 
not  be  considered  as  expressing  the  true  relations  of  the  solid  to  the  fluid 
in  the  body  of  man.  A great  proportion  of  the  body,  or  almost  the  whole 
of  it,  may  pass  off  slowly  in  one  or  other  of  the  gaseous  forms  it  usually 
assumes  in  the  putrefactive  state  ; its  carbon,  nay  its  hydrogen  too,  may 
unite  with  the  oxygen  of  the  atmosphere,  and  produce  carbonic  acid  and 
water.  jVIoreover,  in  these  dry  situations  in  which  only  the  experiment 
can  be  made,  the  surrounding  bodies,  by  their  affinity  for  water,  probably 
dispose  the  oxygen  and  hydrogen  of  the  animal  solid  itself  to  unite  and 
pass  off  in  the  form  of  aqueous  vapour.  That  hydrogen  and  carbon  pass 
off  in  some  way  of  this  kind,  has  long  been  observed  from  the  effects  of 
the  atmosphere  on  wood,  coals,  charcoal,  exposed  to  it  ; as  also  on  oil  spread 
upon  organic  substances.  On  the  other  hand,  as  the  body  becomes  drier, 
its  avidity  for  water  increases,  till  at  length  this  overcomes  all  external 
action.  A mummy,  therefore,  to  speak  chemically,  is  a mere  hydrate  of 
humanity  ; and  without  a correct  appreciation  of  the  quantity  of  decom- 
position which  takes  place  during  drying,  and  of  the  ratio  of  hydration  in 
the  different  organic  elements  which  constitute  man,  we  shall  never  be 
able  to  render  a satisfactory  reply  to  this  interesting  question.  To  the 
data  afforded  by  our  author  it  may  be  added,  that  the  bodies  of  the  Guan- 
ches,  a primitive  race,  whose  nobles  are  still  found  in  mummy  in  the  ca- 
vities of  Teneriffe,  often  do  not  weigh  more  than  seven  pounds — M.  Brun, 
Geogr.  v.  146. 

b,  P.  5.  Organic  elements  may  be  retained  together  by  the  same  at- 

traction of  aggregation  which  unites  the  particles  of  inorganic  or  brute 
matter.  For,  though  we  cannot  prove  that  this  is  the  case,  nor  explain 
the  mode  of  operation  even  in  brute  matter,  there  are  many  arguments 
that  forbid  our  assuming  a new,  possible,  more  obscure  principle  of 

explanation.  The  organic  elements  readily  exert  the  common  aggrega- 
ting attractions  towards  other  substances  : thus,  albumen  unites  with  chlo- 
ride of  mercury,  fibrin  with  acetic  acid,  stearin,  zimome,  and  resins,  with 
alcohol.  Oil  and  resins  unite  together,  so  do  albumen  and  oU  ; all  oüy 
matters  are  affected  by  capillary  attraction.  Organic  bodies,  on  uniting, 
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manifest  a change  of  electricity  and  temperature  : In  short,  there  is  no 
modification  of  the  aggregative  attraction,  even  supposing  it,  with  Ber- 
thoUet  ( Chym.  Stat.),  the  cause  of  chemical  attraction,  which  the  organic 
elements  do  not  display  in  common  with  brute  matter.  Many  pheno- 
mena indeed  appear,  which  we  cannot  explain  ; but,  be  it  remembered, 
that,  connected  with  the  actions  of  the  organic  elements  in  a living  body, 
there  is  always  a powerful  impulse  present,  of  the  powers  and  operations 
of  which  we  know  scarcely  any  thing,  except  their  great  energy.  Who 
can  explain  why  sulphur  attracts  oxygen,  or  what  power  is  exerted  by 
water  or  potass,  hi  promoting  the  combination  ? Yet  these  are,  of  aU 
physical  agents,  the  four  bodies  best  understood  by  philosophers  ; and  it 
surely  would  not  have  facilitated  the  solution  of  the  problem,  had  we 
supposed,  as  in  the  analogous  case  of  life,  the  properties  and  influence  of 
the  predisposing  agent  to  be  totally  unknown.  Till  the  influence  of  life 
on  the  actions  of  organic  elements  shall  be  understood,  it  wiU  be  well  to 
hazard  no  conjectures  upon  the  principle  by  which  they  are  effected. 

It  is  not  quite  so  easy,  however,  at  least  for  a mind  of  geometrical  train- 
ing, to  divest  our  thoughts  of  the  mechanical  idea  of  the  textures  being 
constructed  from  simple  fibres.  Nearly  aU  the  substances  in  nature, 
brute  or  organized,  may,  by  some  means  or  other,  be  reduced  to  fibres, 
— the  mmeral  by  crystallization,  the  membrane  by  dr3dng,  the  bone  by 
maceration,  &c.  : even  the  fleecy  honours  of  the  sky  may  frequently  be 
observed  to  assume  this  form  ; and  a German  philosopher  maintains,  that 
the  whole  human  body  is  nothing  but  a crystal.  The  mind  naturally  sup- 
poses these  fibres  to  be  further  indefinitely  divisible  : and  as  the  geome- 
ter always  conceives  magnitude  to  be  divisible  in  this  way,  it  is  not  with- 
out some  effort  that  we  learn  to  consider  the  tissues  as  simple,  and,  per- 
haps it  may  be  added,  that  the  conviction  is  rarely  permanent.  AU  the 
great  physiologists  relapse  into  ordinary  language  in  those  parts  of  their 
writings  where  no  theory  was  present  which  might  put  them  on  their 
guard  against  its  use. 

a,  P.  6.  It  is  lamentable  to  observe  the  obstinate  tenacity  with  which 
the  philosophers  of  Europe  continue  to  vitiate  the  truth  of  history,  in  or- 
der, it  would  seem,  to  arrogate  to  themselves,  or  their  countrymen,  the 
honour  of  scientific  discoveries.  Perhaps  the  true  reason  why  the  French 
are  oftener  than  any  other  nation  of  Europe  accused  of  this  failing,  may 
be  found  in  their  ignorance  of  other  languages,  and  the  multiplicity  of 
their  own  literature,  which  does  not  leave  sufficient  time,  even  to  the 
most  diligent,  for  a due  examination  of  foreign  works.  Indeed,  with  the 
imi  subsellii  authors  of  our  own  country,  the  same  abuse  of  history  is 
nearly  as  flagrant  as  among  our  vain  and  ambitious  neighbours.  Without 
implicating  our  author,  who,  however,  appears  to  have  read,  and  largely 
profited,  by  the  notes  to  the  former  edition,  from  which  this  is  reprinted, 
the  fact  against  the  French  is  strong  in  the  present  instance,  of  the  divi- 
sion of  the  human  system  into  tissues, — a beautiful  generalization,  of 
which  the  clear  explanation  is  certain^  due  to  Bichât,  though  the  inven- 
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tion  attributed  to  him  in  the  text  neither  belongs  to  Bichât  nor  Pinel. 

nor,  indeed,  to  John  Hunter  or  Carmichael  Smyth  •.  Scattered  hints  of 
comparison  between  the  different  structures  are  to  be  met  with  in  earlier 
writers;  but  it  was  Andrew  Bonn,  who,  in  a Thesis  of  1763,  stiU  to  be 
seen  in  Sandifort’s  Collection,  first  pointed  out  their  continuations,  limits, 
characters,  and  differences.  The  work  is  entitled  De  Continuationibus 
Membranarum,  and  still  merits  an  attentive  reading  : it  contains  many  of 
those  fine  observations  which  have  generally  been  attributed  to  Bichat, 
such  as  the  opening  of  the  Fallopian  tubes  into  the  cavity  of  the  perito- 
neum, and  the  continuation  of  the  tunica  arachnoides  along  the  veins  of 
the  sinuses,  into  the  dura  mater.  On  this  last  head,  the  author  is  quoted 
by  Haller  ( Auctar.  ad  librum,  x.  p.  149.  Element.  Physiolog.)  with  praise  ; 
and  considering  the  great  celebrity  of  the  respective  works  of  HaUer  and 
Sandifort,  it  cannot  be  supposed  that  either  Pinel  or  Bichat  were  unac- 
quainted with  the  labours  of  Bonn,  who  was,  in  their  time,  eminent  as  a 
pathologist.  In  the  London  Medical  Communications  (vol.  ii.  1788),  is  a 
paper  on  Inflammation,  by  Carmichael  Smyth,  in  which  he  has  anticipated 
many  of  Bichat’s  pathological  remarks  on  the  different  tissues  ( Monro's 
Outlines  of  Anatomy,  vol.  i.  p.  4)  ; but  it  does  not  appear  that  the  Doctor 
had  known  any  thing  of  Bonn.  John  Hunter  is  also  entitled  to  a prio- 
rity of  the  same  kind,  but  his  hints  are  unconnected.  Comparing  the  date 
of  these  publications  with  that  of  Pinel's  Nosographie,  1788,  and  Bichat’s 
Traite  sur  les  Membranes,  in  1800,  the  candid  reader  will  easily  perceive 
that  it  is  not  the  praise  of  prior,  but  of  superior  writing,  on  this  most  im- 
portant subject,  which  is  due  to  the  latter.  “ The  new  system,”  says 
Monro  tertius,  “ has  prepared  the  way  to  a more  minute,  accurate,  and 
philosophic  examination  of  the  structure  and  properties  of  our  different 
organs  ; and  has  tended  very  much  to  the  advancement  of  physiological 
and  pathological  science  ; both  of  which  have  assumed,  under  its  influence, 
a new  aspect.”  Bichat’s  original  work,  entitled.  On  the  Membranes,  was 
afterwards  recast  into  his  larger  book  of  General  Anatomy  ; and  in  the 
latter,  the  arrangement  of  the  textures,  or  tissues,  as  they  are  termed 
by  anatomists,  is  as  follows  : — 


♦ Dr  C.  Swyth*s  Table  of  Inflammations  and  Tissues,  read  before  the  Londoti  Society, 

January  8.  1788 Published  1/90. — “ The  following  may  be  justly  considered  as  distinct 

species  of  inflammation,  and  seem  to  depend  entii  ely  upon  the  peculiar  structure  of  the  part 
inflamed.” — Med,  Com,  II.  175. 

I.  Inflammation  of  the  Skin Erysipelas. 

II.  Inflammation  of  the  Cellular  Membrane  Phlegmon. 

III.  Inflammation  of  Diaphanous  Membranes  

IV.  Inflammation  of  Mucous  Membr.cnes.  . . . 

V.  Inflammation  of  Muscular  Fibres.  ......  — — . ■ 
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Bichat’s  classification. 

1.  Cellular 

2.  Nervous  animal 

3.  Nervous  or^ranic 

4.  Arterial 

5.  Venous 

6.  Exhalant 

7.  Absorbent,  with  their  glands 

8.  Osseous 

9.  MeduUary 

10.  Cartilaginous 

11.  Fibrous 

12.  Fibro-cartilaginous 

13.  Muscular  animal 

14.  Muscular  organic 

13.  Mucous 

16.  Serous 

17.  Synovial 

18.  Glandular 

19.  Dermoid 

20.  Epidermoid 

21.  Pilous 

The  following  classification  of  Dumas  has  the  merit  of  great  simpli- 
city ; 

1.  Nervous,  or  sensitive. 

2.  Muscular,  or  motive. 

3.  Vascular,  or  calorific. 

4.  Visceral,  or  reparative. 

5.  Lymphatic,  or  collective. 

6.  Sexual,  or  reproductive. 

7.  Osseous,  or  fundamental. 

It  comprehends,  however,  only  a few  of  the  textures,  and  some  of  them 
are  repeated  ; whilst  the  membranes,  of  the  whole  the  most  important, 
are  strangely  omitted. 

The  improvement  on  Bichat’s  arrangement  given  in  the  text  is  liable 
to  several  objections  from  which  the  original  is  free.  In  both,  the  fibrous 
system  cannot  be  defined.  Why  exclude  from  it  the  muscles,  nerves, 
and  hairs,  which  are  all  divisible  into  fibres  ? why  include  in  it  the  car- 
tilages of  joints,  in  many  of  which  no  fair  anatomy  can  easily  detect  a 
fibre  ? This  class  must  be  considered  to  be  entirely  empiricaL  There  is 
stUl  much  doubt  as  to  which  of  the  classes  the  erectile  organs  ought  to 
be  referred  ; but  this  wifi,  hardly  warrant  their  being  elevated  to  the  rank 
of  an  insubordinate  tissue.  Lastly,  it  is  perhaps  too  fine  a generalization 
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to  include  the  lymphatics  with  the  other  vessels  ; the  vasa  deferentia,  the 
ureters,  urethra,  and  the  intestines  themselves,  might  all,  on  such  slender 
analogy,  have  been  comprehended  under  the  same  head  ; they  are  all 
vascular.  But  the  pathology,  anatomy,  and  function  of  the  lymphatics 
differ  so  widely  from  those  of  the  bloodvessels,  that  an  arrangement, 
which,  like  the  present,  compels  them  to  approximate,  is  more  likely  to 
mislead  than  instruct.  The  tendency  of  Bichat’s  classification  was  to  re- 
fine on  subdivision,  to  magnify  insignificant  differences  : that  of  the  pre- 
sent  professors  would  sink  the  pleasing  variety  of  nature  in  vague  con- 
jectural abstractions,  which  ignorant  fancy  so  often  substitutes  for  the 
true  relations  of  things.  W e shall,  in  another  place,  present  the  reader 
with  the  distinguishing  characters  of  the  individual  textures  ; at  present 
we  would  merely  introduce  to  his  notice  the  staple  material  on  which  the 
fame  of  Bichat  must  always  rest,  and  mark  out  his  share  in  the  invention 
and  improvement  of  the  doctrine  of  tissues.  Had  our  limits  permitted, 
we  designed  to  point  out  the  errors,  confngia  ignorantiae,  and  other  mischiefs 
to  which  the  new  divisions  have  given  rise  in  pathology  ; but  we  feel  our- 
selves confined  to  the  delivery  of  the  following  general  remark — that  no 
reasoning  from  similarity  of  tissue  is  ever  correct,  except  where  that  similarity 
extends  to  vital  and  functionary  properties.  Thus  the  mucous  membranes 
of  the  eye,  nose,  and  lungs,  are  homogeneous  in  the  systems  ; but  carbonic 
acid  gas  or  cold  will  not  produce  the  same  effect  on  any  two  of  them,  and 
stiU  less  upon  the  lining  of  the  tympanum  of  the  ear,  or  of  the  rectum  ; 
they  are  similar,  not  the  same. 

a,  P.  10.  The  proximate  principles  of  animals,  here  delivered  by  our 
author,  wifi,  be  all  found  most  accurately  described  in  Mr  Thenard’s  Che- 
mistry, a work  not  second  even  to  Dr  Thomson’s,  in  the  variety  and  ex- 
actness of  its  information,  and  naturally  superior  to  it  in  what  relates  to 
the  discoveries  of  the  F rench  school.  It  supplies  many  of  Dr  T.’s  omis- 
sions. 

a,  P,  11.  The  contractility  par  racornissement  seems  after  all  but  a sim- 
ple matter.  Bodies  containing  albumen  or  much  fluid  are  most  subject 
to  it,  and  it  may  be  that  the  evaporation  of  the  water,  and  the  induration 
of  the  albumen,  give  rise  to  the  phenomena,  by  bringing  the  particles 
nearer  to  each  other.  Card  paper  and  clay  contract  pretty  much  in  the 
same  way,  and  from  a similar  cause.  ( See  Bichat's  Anat.  Generale,  p.  31, 
^ suiv.)  Without  being  well  understood,  it  has  been  dragged  into  the 
vexatious  controversy  concerning  the  contractile  properties  of  arteries. 

a,  P.  12.  Besides  the  classifications  of  the  fluids  given  in  this  and  the 
succeeding  page,  there  are  several  others  which  ought  to  be  known  to  the 
student,  as  they  mingle  themselves  with  the  ordinary  language  of  medi- 
cine. Thus,  in  relation  to  their  origin,  they  are  divided  into  Secretions 
and  Excretions  : that  fluid  being  considered  as  a secretion  which,  after  its 
formation,  becomes  subservient  to  some  use  within  the  body  : and  all 
others,  which  are  merely  thrown  off  from  the  system,  and  have  no  pur- 
pose to  serve  within  it,  are  denominated  excretions.  Dr  Gregory,  in  his 
view  of  Theoretic  Medicine,  No.  688,  689,  divides  them,  after  Fourcroy, 
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into  1.  watery  ; 2.  mucous  ; 3.  glutinous  or  alhuminous  ; 4.  oily  fluids.  This 
division  is  beyond  all  question  the  most  useful,  though  far  from  absolute 
accuracy,  as  several  of  the  proximate  principles  from  which  the  names  are 
derived,  are  frequently  found  combined  in  the  same  fluid.  They  must 
be  understood,  therefore,  as  relating  to  the  predominating  proximate  prin- 
ciple. The  late  excellent  Dr  Gordon,  of  this  place,  rather  preferred  a 
division  of  fluids  according  to  the  structure  of  the  secreting  organs.  Of 
these  he  constituted  the  three  following  classes  ; 

“ 1.  Organs  secreting  by  the  tubes  formed  from  lesser  tubes. 

“ 2.  Organs  secreting  by  pores  whose  communications  within  these  or- 
gans  are  unknown. 

“ 3.  Oigans  in  which  the  secreted  substances  cannot  be  supposed  to 
escape  either  through  tubes  or  pores.”  ( Outlines  of  Physiology.,  p.  67.) 

It  must  not  be  supposed  that  such  divisions  of  the  solids  and  fluids 
are  without  their  use  ; they  certainly  afford  little  insight  into  the 
operations  of  nature, — but  they  are  the  arranged  vocabularies  of  physio- 
logical language,  and  afford  an  easy  mode  of  acquiring  its  terms,  which 
are  a sort  of  short-hand  abbreviation  of  many  very  complex  ideas,  not  to 
be  understood  without  clear  definition,  and  a frequent  juxta-position  with 
other  terms  to  which  they  are  naturally  related. 

h,  P.  16.  See  Barclay  on  Life  and  Organization,  art.  Hood,  p.  478.  The 
life  of  fluids  seems  revolting  to  our  common  sense,  because  we  are  unac- 
customed to  attribute  to  them  any  inherent  power  of  motion,  or  indeed  of 
any  movement,  independent  of  external  impulse.  It  is  not  easy  to  con- 
ceive of  their  becoming  capable  of  either,  and  as  the  structure  of  fluids  is 
too  simple  to  admit  of  any  internal  mechanism  which  might  supply  the 
place  Of  these  essential  characters  of  life,  (note  to  page  9),  it  would  be  less 
paradoxical  in  authors  to  affirm,  that  the  animal  fluids  exhibit  sojue  of  the 
properties  of  the  living  solids,  supposed  to  be  peculiar  to  that  state,  than 
to  proclaim  that  they  are  actually  possessed  of  life. 

b,  P.  16.  In  a former  note  we  have  said,  that  the  parts  of  the  body,  in 
the  state  of  life,  exhibit  very  different  properties  and  relations  from  those 
which  are  seen,  w'hen  this  state  no  longer  exists.  We  did  not,  however, 
assert  that  this  state  depended  on  any  particular  jormcijole,  law,  body,  or  be- 
ing whatever  : in  short,  it  is  not  known  on  what  it  depends,  and  the  ab- 
surdity of  the  theories  briefly  alluded  to  below  by  M.  Magendie,  lies 
wholly  in  this,  that  they  aU  assume  some  single  agent  as  the  cause  and 
essence  of  this  state,  and  even  presume  to  name  it,  although  obviously 
without  any  possible  means  of  discovering  either  its  connexion  with  the 
state  of  life,  or  even  its  individual  existence.  It  is  unworthy  of  the  ac- 
curate philosophy  of  the  present  age,  to  continue  the  use  of  a term  which 
absolutely  means  nothing  but  a confession  of  our  ignorance  of  the 
cause  of  the  state  of  life  ; for,  when  a theorist  assures  us  for  example, 
that  the  adhesion  or  renovation  of  a wounded  part,  is  the  effect  of  the  vi- 
tal principle,  he  does  not  mean  us  thence  to  infer  that  he  knows  any  thing 
of  this  vital  principle,  or  of  the  way  in  which  it  brings  about  adhesion  ; he 
merely  intends  to  say  that  atlhesion  is  a phenomenon  tliat  never  takes 
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place,  (and  which,  he  therefore  infers,  never  can  take  place),  except  in  a 
state  of  life.  Since  such  is  his  meaning,  why  not  employ  the  language 
which  expresses  his  ideas  in  the  least  ambiguous  manner?  It  is  surely 
the  rule  to  do  so  in  every  other  case.  The  primary  idea  of  life  in  our 
language  signifies  motion,  in  the  learned  languages  force  or  power  ; and 
if  we  analyze  the  idea  as  it  arises  in  our  minds,  we  shall  find  that  an  in- 
herent, or  independent  power  of  motion,  more  or  less  accompanied  by  frequent 
actual,  appreciable,  motion,  constitutes  the  whole  of  our  notion  of  life,  before 
it  is  adulterated  by  the  study  of  the  natural  sciences,  and  the  writings  of 
philosophers.  In  the  progress  of  the  mind  through  this  discipline,  aU  the 
qualities  and  phenomena  seen  or  supposed  to  be  peculiar  to  the  body  in 
the  state  of  life  are  successively  tagged  to  the  original  idea,  till  at  last  it 
comes,  as  we  have  just  said,  to  be  nothing  but  a short  expression  for  the 
collective  phenomena  of  that  state,  or  for  the  awkward  conjectures  of 
philosophers  respecting  their  cause.  That  this  cause  is  single,  we  have 
no  reason  whatever  to  presume  ; on  the  contrary,  its  efforts  are  now  salu- 
tary, now  pernicious  ; vary  greatly  at  different  periods,  are  obviously  af- 
fected by  education,  habit,  and  external  circumstances  of  particular  or- 
gans ; and  on  the  whole,  exhibit  such  opposite  and  contradictory  tenden- 
cies in  many  instances,  that  we  may  with  much  better  reason  infer  a plura- 
lity of  agents,  than  one  single  solitary  cause  of  the  multifarious  phenomena 
of  life.  The  reader  who  is  in  quest  of  ingenious  speculation  on  this  sub- 
ject, will  find  much  to  his  purpose  in  Dr  Fleming’s  Philosophy  of  Zoo- 
logy,  vol.  i.  p.  120-130,  but  especially  in  Dr  Barclay’s  Book  on  Life  and 
Organization  ; the  author  of  which  has  long  attended  to  the  subject,  but 
seems  unfortunately  to  have  thought  the  opinions  of  others  of  more  value 
to  the  public  than  his  own,  a degree  of  modesty  with  which  his  readers 
could  well  have  dispensed,  as  on  the  arena  of  conjecture  aU  men  stand 
equal  who  are  equally  well  informed.  He  has  also  shown  rather  more 
tenderness  for  the  visions  of  some  learned  dreamers  than  was  to  be  ex- 
pected from  “ that  sheer  wit  which  never  spared  a quack  but  he 
richly  compensates  for  both  omissions  by  the  vast  fund  of  information  he 
has  collected  into  one  view,  carefully  classified  and  illustrated  by  his  own 
judicious  remarks.  Dr  W.  Philips’  work  on  the  Vital  Functions,  may 
also  be  consulted  with  advantage,  though  the  author  cannot  be  defended, 
for  the  very  lax  sense  in  which  he  employs  many  of  the  terms  concerned 
in  the  designation  of  this  most  obscure,  though  important  mode  of  exis- 
tence. The  student  wffl  do  well,  in  aU  such  dubious  expressions,  to  sub- 
stitutefor  citai  principle,  the  words  vital  state,  or  vital  action  ; he  will  there- 
by reduce  a theory  to  fact,  and  avoid  all  chance  of  being  misled  by  his 
author.  The  reduction  of  a complicated  train  of  phenomena  to  a single 
cause,  may  indeed  gratify  our  vanity,  and  flatter  us  with  a seemhig  ad . 
vance  of  our  knowledge  : but  such  a reduction,  in  order  to  be  useful, 
ought  to  be  capable  of  verification,  which  is  not  the  case  in  the  present 
instance. 

a,  P.  19.  Drs  Cullen  and  Gregory,  in  their  physiological  works,  di- 
vide the  functions  into  animal,  vital,  and  natural.  The  animal  functions 
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distinguish  the  animal  from  vegetable  or  brute  matter  ; they  consist  hi 
locomotion  and  the  muscular  actions  ; the  vital  functions  are  those  of  the 
brain,  heart  and  lungs  ; and  all  the  rest  are  called  natural  functions,  such 
as  the  nutritive  and  reproductive  processes,  &c.  There  is  a natural  foun- 
dation for  this  division,  but  the  denominations  of  the  classes  seem  puerile, 
and  not  sufficiently  distinct  from  each  other.  A physiologist  might  feel 
himself  puzzled  for  an  answer,  if  he  were  asked  why  he  denominated  di- 
gestion a natural,  and  walking  an  animal  action  ? the  truth  is,  that  they 
are  both  natural,  and  both  animal  actions.  Names,  however,  are  of  little 
consequence  ; and  the  reader  who  has  toiled  over  the  three  spacious 
charts  of  the  functions,  not  omitting  the  chart  of  prolegomena,  delivered 
by  Bichat  (Anat.  Gener,  p.  56.),  wifi,  have  learned  to  appreciate  the  su- 
periority of  this  neat  and  simple  division  over  all  others. 

a,  P.  25.  Haller  merely  says,  that  the  upper  palpebra  is  “ Paulo  infra 
aequatorem  oculi  deducta,”  v.  315.  ; obviously  understanding,  with  our 
author,  that  the  superior  eyelid  extends  below  the  middle  parallel  oirele, 
almicanther,  or  equator  of  the  eye.  Criticism  may  consider  herself  more 
than  usually  fortunate,  when  she  detects  an  anatomical  blunder  in 
Haller. 

a,  P.  26.  Speaking  of  this  imaginary  ligament,  HaUer  says,  v.  321, — 
“ Nunquam  mihi  certum  definitumque  a natura  ligamentum  visum  est. 
Josias  Weitbrecht  omisit.  Winslow  attribuit  sibi  inventum.” 

a,  P.  28.  Its  use  was  not  unknown  to  the  ancients.  Galen  de  usu  par- 
tium,  lib.  X.  cap.  Ü.  p.  480,  says,  “ Two  glands  are  formed  in  each  eye  : 
the  one  from  the  parts  above,  the  other  from  the  parts  beneath,  pouring 
out  moisture  into  the  eyes  by  visible  pores,  &c.  &c.  The  lower  gland  of 
Galen,  who  only  dissected  animals,  is  of  course  the  glandula  Harderi. 

b,  P.  28.  “ Besides  the  lachrymal  gland,  several  quadrupeds  have  an 

additional  substance  termed  glandula  Harderi.  It  exists  in  some  of  the 
glires,  in  the  carnivora,  ruminants,  and  belluœ.  In  ruminants  it  is  situated 
at  the  inner  angle,  and  discharges  a whitish  humour,  which  passes  bj^  an 
orifice  under  the  palpebra  tertia." — Fyfe's  Cotrip.  Anatomy,  5Ü. 

c,  P.  28.  The  first  accurate  description  of  these  ducts  in  man  was  pub- 
lished by  the  late  excellent  Dr  Monro  secundus,  in  his  Anatomical  and 
Physiological  Observations,  for  1758.  The  methods  of  demonstration 
here  noticed  by  M.  Magendie  are  those  of  Winslow,  Lieutaud,  and  Cas- 
sebohm,  who,  as  well  as  Dr  Hunter,  are  supposed  by  some  to  have  anti- 
cipated Dr  Monro  in  this  discovery. 

a,  P.  29.  See  more  of  this  in  Winslow’s  Anatomy,  n.  282 Haller 

suspects  that  he  has  mistaken  the  contractions  of  the  orbicularis,  and  le- 
vator palpebrarum,  for  a proper  irritability  of  the  canals  themselves, 
V.  331.  Dr  Horner  has  lately  discovered  a muscle,  the  Tensor  tarsi, 
which  may  also  contribute  to  this  effect. — See  Monro,  Elem.  of  Anat. 
V.  ii.  p.  431,  a work  of  intrinsic  merit,  and  aboimding  in  facts  rarely  to 
be  met  with  elsewhere. 

a,  P.  30.  It  is  evident  that  a considerable  portion  of  the  lachrym  1 
fluid  must  be  contributed  by  the  mucous  surface  of  the  conjunctiva. 


536 


NOTES. 


The  late  Dr  Gordon  was  of  opinion,  that  only  a very  inconsiderable  por- 
tion of  this  fluid  is  secreted  by  the  lachrymal  gland.  It  must  be  re- 
marked, however,  that  the  size  and  position  of  the  gland  seem  perfectly 
commensurate  to  the  office  here  attributed  to  it. 

a,  P.  32.  “ How  do  the  tears  find  their  way  into  those  passages  ?”  said 
Dr  Gordon  in  his  lectures, — “ perhaps  by  capillary  attraction  ; but  this 
win  not  account  for  their  motion  within  the  sac.” 

a,  P.  33.  This  is  not  a weighty  objection.  The  acumen  of  M.  Ma- 
gendie may  be  turned  to  better  account  than  the  barren  attempt  of  cor- 
recting anatomical  comparisons,  which  are  merely  artifices  of  description, 
employed  to  assist  the  memory  when  it  brings  under  review  the  irregu- 
lar shapes  of  the  animal  organs.  The  geometer  resolves  his  irregular 
figures  into  triangles  or  pyramids  ; but  the  anatomist,  whose  business  is 
almost  solely  with  outlines,  or  external  forms,  cannot  well  employ  these, 
and  is  therefore  compelled  to  resort  to  comparison  with  other  similar  and 
known  objects.  Yet,  as  we  only  acquire  new  ideas  by  combining  those 
which  are  old  and  familiar,  it  may  be  safely  affirmed,  that  without  the 
one  or  the  other  of  these  methods,  anatomy,  as  a written  science,  cannot 
subsist  ; and  the  awkward  attempt  to  introduce  geometrical  description, 
lately  made  by  Dumas,  may  convince  us  how  much  preference  is  due  to 
the  method  of  comparison.  Were  the  things  compared  entirely  alike,  this 
process  would  cease  to  be  comparison,  it  would  merely  express  identity  ; 
but,  since  resemblance  only  is  wanted,  it  would  not  be  difficult  to  show 
that  the  comparison  of  the  figure  of  the  crj^staUine  body  to  a lens,  is  pro- 
bably the  most  accurate  similitude  to  be  met  with  in  all  anatomy. 

a,  P.  34.  The  diameter  of  the  anterior  curve  is  to  the  diameter  of  the 
posterior  curve,  as  7'5  : 5 (Petit),  or  33081  : 25056  (B.  Martin). 

b,  P.  34.  The  existence  of  this  membrane  of  the  aqueous  humour  ap- 
pears stUl  to  be  extremely  ambiguous.  Edwards  thinks  he  has  traced  it 
as  it  passes  between  the  layers  of  the  choroid  and  the  iris  proper. 

c,  P.  34.  In  this  country  it  is  named  the  canal  of  Petit — Bertrand, 
p.  73,  conceives  that  he  has  seen  the  water  of  the  vitreous  humour  tran- 
suding into  it  ; and  Camper,  from  a theory,  fancied  it  to  be  occasionally 
distended  with  electric  matter,  and  thus  to  accommodate  the  lens  to  the 
different  distances  of  objects.  Haller,  El.  Phys.  v.  p.  494,  1.  51.  Hence 
was  probably  derived  Dr  Edwards’  theory  of  adaptation  given  below. 

a,  P.  35.  The  following  measures  of  the  eye  in  tenths  of  an  inch,  are 
given,  “ from  actual  measurement  taken  in  a great  number  of  human 
eyes,  with  the  greatest  care  and  exactness,  as  follows,”  by  the  celebrated 
optician  Mr  Ben.  Martin — Phil.  Brit.  i.  253. 


TENTHS. 

Diameter  of  the  eye  f^om  outside  to  outside, 9,4 

Radius  of  convexity  of  the  cornea, 3,3294 

Radius  of  convexity  of  anterior  surface  of  the  leus, . . . • 3,3081 

Radius  of  convexity  of  posterior  surface  of  the  lens, 2,5056 

Thickness  of  ÛïQ\ens  {anterio-posterior  ads), 1,8525 

Thickness  of  the  cornea  and  aqueous  humour  together, 1,0358 

Specific  gravity  of  lens  to  water  as 11  to  10 

Refraction  at  the  cornea  is  as 4 — 3 

Refraction  at  the  anterior  surface  of  the  lens  as 13  — 12 

Refraction  at  the  posterior  surface  of  the  lens  as  .......  . 12  — 13 
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a,  P.  36.  The  arguments  against  the  muscular  tissue  of  the  iris  are  of 
great  weight.  The  most  vehement  stimulus,  the  puncture  of  a needle, 
the  incision  and  laceration  produced  by  the  surgeon’s  knife  and  scissors, 
are  incapable  of  occasioning  the  least  contraction  ; an  effect,  indeed,  which 
seems  to  be  solely  determined  by  the  state  of  the  retina  or  optic  nerve. 
Even  its  fibrous  texture  has  been  disputed  by  such  grave  authority,  and 
is  so  invisible  to  ordinary  eyes,  in  all  animals  {Knoæ,  Ed.  Phil.  Trans. 
1823,  p.  29),  that  granting  this  structure  to  be  a proof  of  muscularity, 
which  it  is  not,  the  irritable  nature  of  the  iris  cannot  with  fairness  be  de- 
duced from  it.  Indeed,  if  M.  Edwards  can  demonstrate  his  anatomy  of 
its  layers,  as  given  in  the  text,  the  question  is  decided  ; for  as  to  the  con- 
traction and  dilatation  of  the  pupil  of  the  iris,  so  much  insisted  on  by 
authors,  that  phenomenon  ought  no  more  to  be  referred  to  proper  irrita- 
bility, than  the  contraction  and  dilatation  of  the  urethra,  in  the  corre- 
sponding state  of  erection  and  collapse  of  the  surrounding  penis.  Both 
are  probably  the  result  of  temporary  congestion  of  blood,  at  least  both 
admit  of  being  explained  in  this  way,  without  doing  any  violence  to  our 
established  notions  of  myology,  or  to  the  evidence  of  our  senses.  A muscle 
which  should  be  incapable  of  being  stimulated  of  itself,  though  easily  af- 
fected through  other  organs,  affords  a tempting  paradox  : but  such  orna- 
ments ought  to  be  added  to  science  with  a sparing  hand  ; and  the  Nec 
Deus  iritersit  nisi  dignus  vindice  nodus  inciderit,  is  not  less  applicable  to  a 
paradox  than  to  a new  hypothesis. 

b.  P.  36.  This  yellow  spot  or  central  hole  of  Soemmering,  as  has  been 
lately  discovered  by  the  learned  and  ingenious  Dr  Knox  of  this  city, 
exists  in  several  of  the  lizard  tribe,  as  the  L.  superciliosa,  scutata,  striata, 
ealotes  ; as  also  remarkably  distinct  in  the  chameleon,  which  he  did  me 
the  favour  to  show  soon  after  he  had  discovered  it.  The  lizards  named 
gecko,  mabuya.  See.,  he  has  ascertained  to  want  this  feature  of  approxima- 
tion to  the  human  race — See  Edin.  Phil.  Trans.  ; Mem.  Wern.  Soc.  v. 
part  i.  The  late  Dr  Gordon,  in  whose  premature  death  this  curious 
subject  was  deprived  of  an  enthusiastic  inquirer,  endeavoured,  in  com- 
pany with  Dr  Brewster,  to  ascertain  whether  this  was  really  an  aperture, 
or  merely  a yellow  spot  ; and  his  conclusions  were  favourable  to  the  for- 
mer. The  experiments  consisted  in  insinuating  air  behind  the  retina, 
and  observing  whether,  when  greatly  pressed,  it  issued  by  the  foramen 
centrale,  which  it  generally  did.  Dr  Knox  has,  I believe,  repeated  the 
experiment,  and  seems  likewise  to  incline  to  the  same  opinion.  Man, 
then,  some  quadrumana,  and  many  lizards,  are  furnished  with  this  sin- 
gular structure  ; and  the  student  will  not  forget  that  it  is  always  situated 
on  the  very  point  where  the  axis  of  the  eye  falls  upon  the  retina,  and 
that  its  magnitude  is  sufficiently  ample  to  receive  a great  proportion  of 
all  the  images  that  fall  on  the  latter.  The  image  of  the  wing  of  a wind- 
mill, 6 feet  in  length,  when  seen  at  the  distance  of  1 2 paces,  measures 
only  l-20th  of  an  inch  upon  the  retina. — Hall.  v.  476.  It  would  seem 
to  follow  from  hence,  that  images  are  not  imprinted  on  the  retina,  but  its 
subjacent  membrane,  in  the  above  animals,  possessing  this  central  aper- 
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ture.  Are  we  then  to  resume,  with  Mariette,  Lecat,  Clairault,  Euler, 
and  the  heterodox  of  the  old  school,  that  the  choroid  is  the  true  seat  of 
vision,  at  least  in  these  animals  ; and  that  this  perforation  is  merely  des- 
tined to  permit  the  concentrated  light  of  the  image  to  impinge  upon  a larger 
surface  ? The  concentrated  light  which  constitutes  the  image  is  capable 
of  producing  vision  both  anterior  and  posterior  to  the  absolute  focal 
point,  for  a greater  distance  than  the  depth  of  Soemmering’s  hole,  but 
the  intensity  of  effect  will  evidently  be  proportionate  to  this  depth,  sup- 
posing that  the  choroid  is  at  all  capable  of  perceiving  light.  But  it  is 
not  necessary  to  assume  this.  The  air  employed  by  the  above  mentioned 
philosophers  may  merely  have  escaped  by  rupture  of  the  invisible  tenuity 
to  which  the  retina  is  here  confessedly  reduced.  This  fine  web  may  still 
line  the  central  hole,  and,  in  that  case,  the  use  of  the  excavation  can 
easily  be  comprehended  : it  increases  the  surface  acted  on,  and  conse- 
quently the  intensity  of  the  effect  produced  by  the  image.  Why  it  should 
be  found  in  so  remote  a race  as  the  lizard,  is  a problem  for  the  naturalist. 
Between  the  choroid  and  hyaloid,  according  to  Dr  Jacobs  of  Dublin,  there 
are  found  two  membranes,  the  one  the  retina  described  by  our  author, 
the  other  a very  fine  serous  membrane,  covering  the  retina  from  the  op- 
tic nerve  to  the  ciliary  processes.  Its  inner  lurface  is  not  tinged  by  the 
pigmentum  nigrum,  though  Dr  Knox  (1.  c.)  supposes  that  in  animals  it  is 
the  proper  membrane  of  this  pigment,  but  presents  a clear  white  appear- 
ance, which  HaUer,  to  whom  it  was  not  unknown,  has  properly  enough 

compared  to  snow EL  Phys.  v.  385-393.  But  though  Haller  and  Zinn 

had  evidently  seen  this  membrane,  its  accurate  description,  and  an  ele- 
gant mode  of  demonstrating  it,  are  certainly  due  to  the  exertions  of  Dr 
Jacobs,  who  prepares  it  not  in  patches,  as  seen  by  Haller  and  Zinn,  but 
in  one  unbroken  concave  spherical  shell,  corresponding  to  the  form  of  the 
vitreous  humour. — (Phil.  Trans.  1819,  p.  ii.  p.  300-307). 

c,  P.  36.  See  Gordon's  Anal.  i.  p.  88.  Duncan's  Med.  and  Surg.  Jour- 
nal, V.  52-3-4-5. 

a,  P.  40.  A pencil  of  rays  transmitted  through  a lens  can  only  arrive 
at  a focus  in  some  point  of  their  own  axis,  which  necessarily  passes  through 
the  centre  of  the  lens  ; and  since  no  two  pencils  can  have  the  same  axis, 
these  lines  must  necessarily  decussate  at  or  near  the  centre  of  the  lens, 
and  thus  invert  the  image. 

b,  P.  40.  The  experiment  was  known  to  Kepler,  Newton,  Des  Cartes, 
his  follower  Rohault,  to  Hook  also,  and  probably  to  much  earlier  authors. 
It  is  the  foundation  of  aU  our  theories  and  doctrines  of  vision,  whether 
good  or  bad. 

a,  P.  41.  In  these  ingenious  and  beautiful  experiments,  there  is  less 
novelty  than  our  candid  author  has  been  led  to  imagine.  The  only  ad- 
vantage derived  from  employing  the  eyes  of  albino  animals,  is  the  trans- 
parency of  the  membranes,  which  seems  to  have  been  sufficiently  appre- 
ciated by  HaUer  : “ Denique  in  noctuæ  oculo  etiam  integro,  inspiciendo, 
objecta  corpora  in  retina  depicta  apparent,  quia  sclerotica  posterius  pellucef. 
Ipse  experimentum  repetii.” — v.  469.  It  is  pleasing  to  find  such  high 
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authority  in  confirmation  of  our  author  ; and  the  experiments  of  the  lat- 
ter which  follow,  would  have  called  forth  the  loudest  praise  fi-om  the  great 
man  we  quote  had  he  lived  in  our  age.  They  are  experiments  which 
establish  the  fundamental  principles  of  animal  optics,  and  must  in  future 
form  an  almost  necessary  part  of  every  severe  legitimate  demonstration 
of  the  laws  of  vision. 

a,  P.  42.  It  is  nothing  singular  to  find  our  well  informed  author  arran- 
ging himself  with  almost  the  whole  host  of  physiologists,  in  maintaining 
that  an  adaptation  of  the  eye,  to  the  distance  of  the  object,  is  necessary, 
in  theory  at  least,  to  distinct  vision,  j'his  notion,  of  which  we  shall  en- 
deavour to  demonstrate  the  fallacy  in  a few  words,  has  evidently  been 
derived  from  the  changes  which  are  observed  to  take  place  when  the 
image  of  an  object,  as  a candle  passing  through  a single  lens,  is  received 
upon  a plane.  But,  though  the  light  of  a candle  may  soon  be  withdrawn 
to  a distance  so  great,  that  its  diverging  light,  when  again  concentrated, 
does  not  much  surpass  in  intensity  the  light  thrown  into  the  unprotected 
lens,  or  the  recipient  surface,  from  illuminated  objects  around  ; so  that 
the  formation,  or,  at  least,  our  perception  of  a distinct  image,  becomes  im- 
possible : the  case  is  far  different  with  the  human  eye.  The  human  eye 
is  not  a mere  plane,  furnished  with  a lens  set  at  a definite  distance  before 
it,  and  which,  by  receiving  light  from  all  the  hemisphere  around  it,  can 
only  exhibit  an  image  transmitted  by  its  lens,  when  that  image  is  more 
intense  than  the  light  already  on  its  surface.  The  human  eye  is  a camera 
obscura,  and,  like  it,  receives  the  image  of  every  object  accurately  at  every  dis- 
tance. If,  in  these  latitudes,  we  turn  the  lens  of  the  camera  obscura  to 
the  south,  that  is,  towards  the  region  of  most  intense  light,  the  images 
on  its  table  disappear  : Why  ? Merely  because  a light  stronger  than  that 
which  formed  the  picture  is  now  reflected  from  the  table,  and,  by  its  su- 
perior intensity,  takes  the  place  of  the  picture  in  our  eye,  but  does  not 
at  all  efface  the  picture  on  the  table  ; it  merely  renders  it  invisible  to 
us,  as  the  sun  does  the  moon  and  stars  in  the  day-time.  If,  by  descend- 
ing into  a deep  pit,  we  withdraw  our  eye  from  his  rays,  the  stars  again 
appear  in  all  their  glory  : by  revolving  the  lens  of  the  camera  to  the 
northern  aspect,  the  pictures  are  again  seen  on  the  table  as  fresh  as  ever. 
Even  the  intense  image  of  a candle  formed  upon  paper  by  a convex  lens 
is  effaced  by  another  candle  held  near  it.  The  eye,  and  the  camera  ob- 
scura, are  defended  from  the  influence  of  external  light,  and  it  is  this  de- 
fence which  constitutes  nearly  the  whole  difference  of  their  phenomena 
from  those  of  the  naked  lens.  The  existence  of  these  three  different  spe- 
cies  of  light  seems  easily  demonstrated. 

1.  The  apertural  image  is  visible  in  the  albino  eye,  after  depressing 
the  lens,  as  in  all  Magendie’s  experiment,  being  large  and  indistinct. 

2.  The  focal  image  may  be  seen  in  any  entire  eye  ; bright,  but  many 
times  smaller  than  the  former.  No  lens,  however,  is  so  perfect,  but  that 
many  rays  pass  it,  without  coming  to  a focus.  These,  after  emerging, 
are  brought  to  an  apertural  image,  exactly  as  would  have  happened  to 
rays  coming  in  the  same  direction  if  there  had  been  no  lens  at  all.  It 
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may  be  asked,  whether  the  apertural  image  may  not  before,  as  after  cata- 
ract, be  sufficiently  modified  by  the  variations  of  the  pupil  to  answer  most 
of  the  purposes  of  vision  ? The  argument  holds  for  any  other  distance  ; 
if  so,  it  is  clear  that  the  eye,  independently  of  all  adaptation,  receives  a 
perfect  focal  image  of  every  object  at  every  distance.  What,  then,  is  the 
use  of  adaptation  ? 

3.  M.  Magendie’s  experiments,  as  he  confesses,  prove  that  this  is  ac- 
tuaUy  the  case  in  the  human  eye,  namely,  that  the  image  is  alike  per- 
fect at  every  distance,  though  not  alike  luminous. 

4.  In  the  camera  obscura,  the  images  are  all  perfect,  though  luminous 
in  the  subduplicate  ratio  of  the  distance  ; yet  in  that  instrument  scarcely 
any  adaptation  is  employed.  That  on  the  Calton  HiU  of  Edinburgh 
shows  objects  distinctly  for  many  miles  around. 

6.  When  we  want  to  see  an  object  distinctly,  we  bring  the  eye  nearer 
or  farther  from  it,  according  to  its  degree  of  illumination  ; whereas,  if 
the  eye  had  in  reality  the  power  of  accommodation  ascribed  to  it,  we 
would  surely  employ  it  on  such  occasions  to  save  ourselves  all  this  trouble  ; 
nay  more,  that  effort  which  has  been  mistaken  for  it,  is  really  employed, 
at  least  as  far  as  the  muscles  are  concerned,  at  the  same  time  that  we 
advance  or  recede. 

6.  When  we  look  through  a card  perforated  by  two  holes,  we  see  the 
object  only  at  the  point  of  distinct  vision,  but  double  at  every  other 
single  distance  : thus  clearly  shewing  that  there  is  a certain  and  definite 
distance  at  which  the  eye  can  see  distinctly,  but  that  the  eye  possesses  no 
power  of  producing  this  distinct  vision  when  the  object  is  placed  at  any 
other  distance. 

7.  Even  the  contraction  of  the  pupil,  though  it  assists  our  vision  of  dis- 
tinct objects,  is  not  absolutely  necessary,  since  Daviel  has  shown  that 
patients  having  the  pupil  immovable  see  well  enough. 

8.  Persons  who  have  had  the  lens  removed  for  cataract,  stiU  see  suffi- 
ciently well  : though  it  is  evident  that  in  them  any  apparatus  of  accom- 
modation adapted  to  the  action  of  the  lens  must  be  useless  ; and  we  can- 
not grant  an  apparatus  for  changing  the  other  parts,  which  are  so  ineffi- 
cient while  the  lens  is  present  in  the  eye. 

9.  The  effort  {Young,  Nat.  Phil.  i.  450),  by  which  the  eye  is  supposed 
to  see  distinctly,  is  nothing  foreign  to  the  effort  we  employ  when  endea- 
vouring to  hear  or  feel  distinctly  : we  direct  the  mind  to  the  part,  or,  to 
bé  less  figurative,  we  endeavour  to  attend  exclusively  to  the  sensation 
present  in  the  eye,  which  is  thus  rendered  more  perfect,  merely  by  the 
exclusion  of  other  previous  or  contemporaneous  sensations  for  the  time. 
The  proof  of  this  is  clear  : we  employ  the  same  effort  in  looking  at  the 
stars,  which  send  only  parallel  rays  ; we  employ  it  energetically,  though 
quite  fruitlessly,  to  behold  objects  placed  within  the  nearest  limit  of  dis- 
tinct vision  ; and  when  we  find  we  cannot  help  ourselves,  we  resort  to 
glasses,  or  withdraw  the  head  to  a proper  distance.  On  the  whole,  un- 
prejudiced consideration  of  the  above  will  show  that  theory,  experiment, 
and  obsen’ation,  are  decidedly  hostile  to  the  theory  of  adaptation  : and 
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that  philosophers  have  clung  to  this  venerable  bubble  as  they  long  did  to 
their  beards,  from  a seemingly  systematic  aversion  to  every  thing  com- 
mon or  familiar.  They  must  have  known,  that  long  since  the  immortal 
Haller  had  boldly  exposed  its  nakedness  ; but  he  seems  either  to  have 
been  little  read,  or  not  to  have  been  understood  by  many  of  his  succès- 
sors.  See  v.  516.  of  El.  Physiol  *. 

a,  P.  45.  Our  author  seems  to  have  been  misled  on  this  point  ; no 
good  physiologist  of  the  present  day  maintains  the  contractility  of  the 
ciliary  processes.  It  was  indeed  a favourite  notion  of  Kepler,  and  after- 
wards of  Dr  Porterfield,  that  they  dragged  forward  the  crystalline  lens 
to  a less  distance  from  the  cornea.  But  HaUer  and  Zinn  showed  that 
they  are  not  muscular  ; and  though  Zinn  fancied  they  might  act  by 
erection,  as  they  seem  cellular  in  some  animals,  the  doctrine  of  their  con- 
tractility is  completely  exploded.  Could  they  contract  at  aU,  or  had  they 
a firm  enough  attachment  to  the  capsule  of  the  lens,  and  this  in  man  they 
have  not,  they  would,  in  reality,  drag  the  lens  backward,  not  forward,  as 
Kepler  and  Porterfield,  in  despite  of  anatomy,  imagined — See  la  Char, 
riere,  284;  Perrault,  579  ; Hartsoeker,  76;  Brisseau,  77;  Monro  tertius, 
Outl.  iii.  146  ; Knox,  in  Ed.  Phil.  Trans.  1823,  w'here  he  asserts  the  pre- 
sence of  “ semipellucid  fibres,  extending  from  the  equatorial  edge  of  the 
leils,  over  the  canal  of  Petit,  to  the  folds  between  the  ciliary  processes, 
which  they  conjoin  with  the  lens.”  He  has  omitted  to  state  explicitly 
whether  these  are  visible  in  man,  or  only  in  animals. 

b,  P.  45.  Note. — Dr  Young  has  also  laboured  much  to  establish  a 
notion,  first  advanced  by  Dr  Pemberton  (1719),  and  afterwards  by  others, 
that  the  lens  is  muscular.  It  is  no  doubt  fibrous,  and  this,  if  it  had  been 
doubtful  before,  he  has  clearly  established  ; but  there  appears  no  proof 
of  its  irritability  and  contractility,  the  two  essential  characters  of  mus- 
cular structure.  It  may  be  doubted,  whether  the  fibrous  texture  is 
necessary  to  muscularity,  and  certainly  a body  may  be  fibrous  without 
being  muscular. — See  Young’s  Nat.  Phil.  Ü.  596 — Phil.  Trans.  1793, 1800. 

a,  P.  47.  The  experiment  of  Mariotte  consists  in  placing  two  objects, 
as  two  candles,  on  the  same  level  with  the  eye,  and  receding  from  them 
in  a direction  perpendicular  to  the  line  of  junction,  till  one  of  them  dis- 
appear. Its  image  is  then  upon  the  entrance  of  the  optic  nerve,  as  can 
be  proved  by  measurement.  “ To  discover  the  place  of  entrance  of  the  optic 
nerve,  I fix  two  candles  at  ten  inches  distance,  retire  sixteen  feet,  and  di- 
rect my  eye  to  the  right  or  left  of  the  middle  space  between  them  ; they 
are  then  lost  in  a conf  used  spot  of  light  : but  an  inclination  of  the  eye  brings 
one  or  other  of  them  into  the  field  of  view.  From  this  experiment,  the 
distance  of  the  centre  of  the  optic  nerve  from  the  visual  axis  is  found  to 
be  16-100  of  an  inch.” — See  Young's  Nat.  Ph.  ii.  583.  From  the  details 
of  this  experiment,  the  student  may  easUy  renew  it,  in  order  to  ascertain 


* Since  the  publication  of  the  above,  a paper  has  appeared  in  Magendie’s  Physiological 
Journal,  by  a Russian  astronomer,  who  attempts  to  establish  the  non-adaptation  of  the  lens 
upon  mathematical  calculation. 
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its  correctness.  Having  repeatedly  succeeded  in  the  experiment'myself, 
I entertain  no  doubt  either  of  the  fact  or  the  explanation  ; and  consider 
the  reasoning  of  Le  Cat,  Mariette,  Euler,  Clairault,  &c.,  as  perfectly  le- 
gitimate in  this  respect,  as  far  as  regards  the  insensibility  of  the  entrance 
of  the  optic  nerve.  But  Mariette  and  his  followers  endeavoured  to  prove, 
that  the  retina  had  nothing  to  do  with  vision  ; that  the  entrance  of  the 
optic  nerve  was  the  point  where  the  choroid  was  wanting,  and  the  optic 
nerve  most  abundant,  and  yet  was  the  only  spot  of  the  posterior  concave 
of  the  eye  in  which  vision  did  not  take  place.  Hence  their  obvious  con- 
clusion, that  the  choroid  coat  was  the  sole  organ  of  vision, — a fact,  they 
said,  which  is  proved  incontestibly  by  the  continuity  of  the  choroid  and 
iris,  and  the  fact  that  the  contractions  and  dilatations  of  the  latter  are 
chiefly  regulated  by  the  impulse  of  light  upon  the  posterior  concave  of 
the  eye,  which  impulse  is  more  likely  to  be  conveyed  to  the  iris  through 
its  own  than  a foreign  texture.  As  the  controversy  receives  a new  in- 
terest from  Dr  Knox’s  late  discovery,  the  curious  reader  may  find  the 
substance  of  it  in  Haller's  El.  Phys.  v.  471-480. 

a,  P.  50,  and  note.  Many  well  informed  persons,  reduced  to  the  use  of 
one  eye,  deny  in  toto  the  positions  here  advanced,  and  maintain  that  their 
judgment  of  the  position,  distance,  or  properties  of  bodies,  has  undergone 
no  change  whatever  by  the  loss  of  the  other. 

a,  P.  54.  This  fact  is  familiar  to  artists,  though  little  obseiwed  by  au- 
thors. It  is  at  the  same  time  proved  and  illustrated,  by  comparing  a 
good  landscape  pamting  with  the  image  of  the  same  in  a mirror,  or  the 
camera  obscura.  The  latter  appears  just  perspective,  but  a bad  represen- 
tation. Our  illusions  constitute,  perhaps,  a necessary,  and  certainly  a 
pleasing  part  of  vision  ; the  camera  obscura  gives  us  but  the  skeleton,  the 
shadow,  as  it  were,  of  the  object,  not  the  copy  of  our  impressions.  The 
same  deception  obtains  in  poetry  and  fiction.  We  yawn  over  the  dry  ri- 
gid  anatomy  of  the  passions,  as  pourtrayed  by  many  of  the  earher  poets 
and  novelists  : Rousseau’s  eloquent  but  exact  confessions  sicken  us  ; we 
detest  the  ghastly  dissections  of  Godwin  and  Maturin  ; while  the  soft 
delusive  sketches  of  Moore, — even  the  masculine  but  equally  false  cari- 
catures of  Byron, — the  soothing  unction  to  human  vanity  and  prejudice, 
which  issues  quarterly  from  the  pen  of  our  great  fabuhst,  aflbrd  us  a 
never  failing  source  of  wonder  and  dehght.  In  all  these  instances  it  is 
the  imagination,  rather  than  real  existence,  which  is  represented  ; and 
our  pleasure  arises,  not  from  the  renewed  memory  of  the  thing,  but  of 
the  idea  of  it  previously  existing  in  the  mind,  which  is  merely  a compound 
of  prejudice,  error,  and  illusion,  founded  on  fact. 

a,  P.  59.  See  Dr  T.  Young’s  “ Essay  on  Music,"  in  Nat.  Phil.  Ü.  563. 

b,  P.  59.  See  also  Young,  Nat.  Phil.  i.  370,  who  refers  this  measure 
to  Derham  : but  Derham  himself  [Physico-Theology,  p.  134.),  says,  “ that 
the  mean  of  the  flight  of  sounds  is  at  the  rate  of  a mile  in  nine  half  seconds 
and  a quarter,  or  1142  feet  in  one  second  of  time."  See  Phil.  Trans,  ii. 
113.  Mr  Goldingham  {Annals  of  Phil.  Sept.  1823),  has  confirmed  this  last 
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measure  by  a number  of  decisive  experiments  performed  at  the  Observa- 
tory at  Madras,  which  see.  For  other  media,  see  Mem.  d'Arcueil,  ii. 

a,  P.  61.  Vestigium  is  simply  the  trace  of  a structure,  which  exists  more 
perfect  in  animals,  whose  habits  require  its  operation  ; but  not  fully  de- 
veloped in  the  individual  spoken  of,  because  not  necessary  to  the  exer- 
cise of  its  functions.  Thus  the  horse  has  something  like  a thumb,  and 
man  the  vestigia  of  a tail,  in  the  os  coccygis  ; but  as  neither  of  these  or- 
gans are  required  by  their  respective  possessors,  their  traces  are  not 
found  developed. 

a,  P.  78.  These  hairs  are  denominated  vibrissae  by  anatomists.  After 
the  age  of  thirty  they  begin  to  assume  the  colour  and  rigidity  of  the  mus- 
taches, and  frequently  require  to  be  removed  as  regularly  as  the  beard. 
Not  to  remove  them  was  a mark  of  rusticity  among  the  ancients  : 

“ Sed  caput  intactum  buxo  naresque  pilosas 

“ Annotet.”— Jmü.  xiv.  194. 

a,  P.  80.  On  this  point,  however,  our  author’s  testimony  must  only 
be  allowed  a negative  value.  HaUer  and  Meckel  both  positively  state, 
that  they  have  traced  the  filaments  of  the  gustatory  nerve  into  the  pa- 
pUlæ  of  the  tongue.  Higher  anatomical  authority  than  theirs  can  hardly 
be  required  ; but  M.  Magendie’s  want  of  success  certainly  proves  that 
the  thing  is  difficult.— Firfe  Haller,  iv.  219,  v.  104-112  ; Meckel  de  Quinto 
pari,  97  ; Monro,  Nervous  System,  tab.  xxvi. 

a,  P.  86.  The  heat  of  the  skin  being  about  90°  F.,  if  there  were  no 
process  employed  to  conserve  this  temperature,  an  atmosphere  any  thing 
below  this  point  ought  to  communicate  the  sensation  of  diminished  heat, 
or  of  cold.  But  the  body  is,  in  reality,  furnished  with  a conservative 
process  of  this  kind,  and  so  powerful,  that  tUl  the  atmosphere  sink  below 
62°  F.,  the  sensation  of  cold,  or  abstracted  caloric,  is  not  felt.  This^ 
point,  then,  is  the  medium  between  hot  and  cold,  in  respect  of  the  atmos- 
pheric air  ; but  it  varies  a little  according  to  the  conducting  power  of  the 
substance  in  contact.  Thus,  a bath  in  water,  at  62°,  feels  abundantly 
cold.  Yet  the  range  of  variety  from  this  cause  is  not  great,  probably  be- 
cause the  sensibility  to  hot  or  cold  is  most  acute  about  the  limit  of  junc- 
tion : for  water  becomes  again  tepid  at  74°,  as  I have  recently  ascer- 
tained, partly  by  my  own  experiments,  but  chiefiy  by  a decisive  one  oT 
my  ingenious  friend  Dr  J.  Clendining.  From  this  it  appears,  that  65°, 
the  measure  given  in  our  last  edition,  from  therapeutical  authors,  is  to- 
tally incorrect  as  the  measure  of  tepidity  of  water  : and  other  bodies  majr 
have  it  at  still  higher  or  lower  degrees,  which  have  not,  however,  been 
well  ascertained. — See  Cullen's  First  Lines,  § 89.  Much  curious  infor- 
mation on  this  subject  is  afforded  in  the  notes  to  Beaupré  on  Cold,  re- 
cently translated  by  Dr  Clendining:  a work,  which  may  be  regarded 
as  the  only  repertory  of  the  relations  of  this  stiU  mysterious  agent  upon 
our  system,  that  has  been  brought  up  to  the  existing  state  of  medical 
science.  It  may  not  supersede  the  valuable  work  of  Dr  Stock,  but  it 
adds  much  indeed  to  its  information. 
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a,  P.  88,  The  contact  of  air  upon  the  skin  of  the  new-born  child  is 
also  supposed  to  be  the  cause  of  the  commencement  of  the  process  of  res- 
piration at  that  time,  by  its  impulse  on  the  nerves  of  the  face  being  com- 
municated to  the  lungs,  through  the  connexions  of  the  5th,  7th,  and  great 
sympathetic  nerves,  with  the  8th,  or  pneumogastric  nerve.  The  notion 
is  not  at  all  tenable,  but  we  have  not  room  for  the  arguments  employed 
in  its  defence  here.  The  reader  will  find  both  in  Haller's  Physiology, 
viii.  397. 

a,  P.  89.  It  is  just  possible  that  there  may  exist  senses  yet  unknown  to 
us,  but  they  certainly  have  not  hitherto  been  discovered.  What  is  called 
instinct  in  infants,  and  in  the  animal  creation,  might  with  propriety  be 
considered  as  a sixth  sense  ; but  it  exerts  itself  in  so  many  forms,  and  re- 
sembles so  much,  in  many  points,  the  infiuence  of  reason  or  habit,  that  it 
is  wiser  to  remain  contented  with  the  original  five,  since  they  cannot  be 
disputed.  Every  one  has  heard  of  the  pretty  paradox,  which  maintains 
that  there  exists  only  one  sense,  namely,  that  of  touch,  into  which  aU  the 
others  are  capable  of  being  resolved.  Sight  is  the  contact  of  light  upon 
the  retina  ; hearing,  the  contact  of  the  liquor  of  Cotunnius  upon  the 
acoustic  nerve  ; smell,  of  the  odoriferous  particles  upon  the  nerves  of  the 
Schneiderian  membrane,  &c.  &c.  This  is  evidently  a mere  form  of 
speech,  and  requires  no  commentary. 

a,  P.  94,  The  late  Dr  Gordon  was  strongly  inclined  to  answer  in  the 
negative  the  question  here  proposed  by  our  author.  His  arguments  were 
too  numerous  to  be  repeated  in  this  place,  but  seemed  chiefly  to  be  drawn 
from  extreme  cases  of  individuals,  living,  and  performing  the  most  usual 
functions  of  life  and  sensation,  after  some  considerable  portion  of  the 
nervous  system  had  been  destroyed  or  removed,  apparently  of  sufficient 
magnitude  to  suspend  all  motion.  Thus  the  famous  case  that  occurred 
to  Dessault,  wherein,  after  the  spinal  marrow  had  been  completely  divided 
by  a buUet,  the  person  was  able  to  walk  about,  and  perform  other  mo- 
tions of  the  lower  extremities,  &c.,  was  with  him  a favourite  and  reite- 
rated topic,  though  scarcely  more  than  Haller’s  collection  of  instances  of 
cerebral  lesions,  and  the  curious,  stUl  unexplained,  examples  of  acepha- 
lous children,  said  to  have  been  alive  at  birth.  The  Doctor,  however, 
used  always  to  conclude  his  eloquent  defence  of  the  non-agency  of  the 
nervous  system  in  his  lectures,  by  remarking,  “ that  if  it  should  after  all 
prove  inaccurate,  it  would  at  least  have  the  merit  of  promoting  investi- 
gation.” Setting  aside  ali  partiality  for  this  amiable  preceptor,  it  really 
does  appear  doubtful  whether  the  nerves  are  entitled  to  all  that  influence 
which  is  generally  ascribed  to  them  in  health  and  disease  : nay,  whether 
even  many  intense  sensations  can  properly  be  referred  to  them.  Whole 
tribes  of  polypi,  and  other  Mollusca,  seem  to  enjoy  motion  and  sensation 
without  the  smallest  vestige  of  nerves  being  discoverable  in  them  ; the 
heart,  the  most  active  organ  of  our  system,  is  stUl  reputed  void  of  proper 
nerves  by  several  anatomists.  What  nerve  is  it  which  perceives  the  hor- 
rible sensation  that  arises  during  suffocation  ? or  that  sense  of  sinking  so 
familiar  in  diseases  of  the  heart  ? or  of  vertigo,  from  slight  derangements 
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of  the  motion  of  the  blood  within  the  cranium  ? or  of  bland  vegetable 
acid,  in  fine,  applied  to  the  enamel  of  the  teeth  ? Without  wishing  to  go 
so  far  as  Dr  Gordon,  or  his  precursor  Dr  Simpson  of  St  Andrew’s,  or  the 
still  more  celebrated  Stahl,  we  may  surely  be  allowed  to  express  our- 
selves on  the  office  of  the  nerves,  in  more  guarded  terms  than  those  ad- 
mitted in  the  text.  A case,  stiU.  more  interesting  than  that  of  Dessault, 
because  thoroughly  verified  by  the  investigations  of  M.  Magendie  him- 
self, and  others,  has  just  been  described  in  our  Author’s  “ Journal  de  Phy- 
siologie,'’’ for  April  1823.  In  it,  “ the  lower  and  upper  part  of  the  spinal 
cord  was  almost  completely  separated  from  each  other  by  an  interval  of 
six  or  seven  inches  ; yet  the  wül  governed  the  motions  of  the  Hm'os,  and 
the  imagination  stimulated  the  genital  organs  !” 

In  the  paragraph  immediately  above,  our  author  introduced  the  sub- 
ject of  the  nervous  fluid  ; but,  so  long  as  the  internal  motions  of  fluids 
continued  to  be  inexplicable  by  mechanical  principles,  it  must  be  found 
difficult  to  explain,  or  even  to  conceive,  the  effect  of  impulse  on  the  ner- 
vous system,  which  is  rather  a fluid  than  a solid  mass.  Certainly  the 
chief  objection  to  the  doctrine  of  vibrations  has  been  drawn  from  the 
fluidity  of  the  nervous  pulp.  That,  however,  this  system  acts  by  fits, — 
or,  in  other  words,  has  intervals  of  rest  interposed  between  its  operations, 
seems  proved  by  the  sensation  of  tingling  in  a torpid  limb,  or  in  any  part 
whose  nerve  has  been  so  far  pressed,  as  to  rendei  its  action  imperfect. 
This  same  rapid  alteration  of  activity  and  rest  in  the  nervous  organs,  is 
also  the  probable  cause  of  indefinitely  minute,  alternating,  contractions 
and  relaxations  of  a muscle,  of  which  Dr  Wollaston,  P.  R.  S.,  has  shown 
each  larger  contraction  to  be  composed.  If  the  assertors  of  nervous  vi- 
bration only  understood  by  it  this  alternation  of  action  and  quiescence,  it 
seems  hard  to  deny  them  a generalization  supported  by  so  many  pheno- 
mena. But  it  is  to  be  feared  that  they  have  carried  it  farther  than  mere 
observation  taught  them  ; and,  like  the  modern  British  champions  of 
nervous  electricity,  have  endeavoured,  by  every  exertion  of  oratory  and 
logic,  to  pass  off  a solitary  imperfectly  understood  fact,  for  a great  general 
law  of  nature  ; thus,  with  reason  and  explanation  in  their  mouths,  throw- 
ing clouds  of  deeper  darkness  over  what  was  already  abundantly  obscure. 
It  is  proper,  however,  that  the  student  know  something  of  these  opinions  ; 
he  wül  find  the  arguments  for  them  all  in  Haller’s  El.  Phys.  vol.  iv.  ; 
not  even  excepting  the  modern  theme  of  the  agency  of  the  electric  fluid, 
which,  however,  he  will  meet  more  at  length  in  the  Physiological  Lec- 
tures of  Mr  Abemethy,  and  in  “ The  Vital  Functions"  of  W.  Philips. 

Their  arguments  in  favour  of  the  nerves  being  influenced  by  electri- 
city, come  all  to  four  heads  : — 

1.  Electricity  is  the  most  powerful  stimulus  of  nerves. 

2.  Electricity  maintains  not  only  the  nervous  action,  but  other  subor- 
dinate actions,  as  digestion  depending  on  them See  Philips'  celebrated  ex- 

periments on  the  section  of  the  eighth  pair. 

3.  Some  animals,  as  the  Torpedo,  Conger,  and  many  other  aquatic  ani- 
mals, named  electric,  have  the  power  of  secreting  or  accumulating  electri- 
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city  within  themselves,  which  is  never  exhausted  without  the  nervous 
system  of  the  animal  becoming  similarly  exhausted. 

4.  The  aptitude  of  this  fluid  to  those  rapid  motions,  of  which  we  know 
that  the  neiwous  principle  is  capable. 

It  is  but  too  evident  that  much  must  be  added  to  these,  before  they 
can  establish  the  point  assumed  by  rigorous  demonstration. 

b,  T.  94.  Beccntly,  — What  has  been  denominated  Mr  C.  Bell’s 
Theory  of  the  Nervous  System,  or  rather  quaintly  by  himself,  “ The 
Natural  Theory  of  the  Nervous  System,”  is  an  ingenious  deduction  from 
observations  upon  parts,  to  which,  in  the  present  state  of  their  minute 
anatomy,  it  is  impossible  to  refuse  our  assent.  In  short,  it  is  an  exposi- 
tion of  the  functions  of  the  several  nerves,  founded  on  the  consideration 
of  their  origin.  These  origins  are  chiefly  referred  to  the  hemicylinders 
of  the  spinal  marrow  ; for  the  spinal  marrow  is  divided  by  the  great 
mesial  plane  of  the  body  into  two  semicylindric  portions,  the  right  and  the 
left.  Each  of  these  is  supposed  by  Mr  EeU  *,  and  has  lately  been  de- 
monstrated by  Mr  Herbert  Mayo,  to  consist  of  three  distinct  longitudi- 
nal columns,  which,  corresponding  in  dimension  and  direction  to  the 
corpora  pyramidalia,  corpora  olivaria  and  corpora  resiiformia  of  their  own  sides, 
respectively,  are  reputed  continuations  of  the  same.  They  have  been 
shown  to  occupy  these  positions,  by  IMr  Mayo’s  dissections,  and  that  au- 
thor has  set  those  divisions  of  the  spinal  chord  in  so  clear  a light,  in  his 
elegant  engravings,  that  what  appeared  the  most  suspicious  part  of  JMr 
Bell’s  theory,  is  now  the  most  firmly  established.  (See  Mayo’s  Anat.  of 
Brain  and  Spinal  Chord,  fob  Lond  1827-)  Till  something  very  strong 
in  the  negative  be  established,  Mr  Mayo’s  affirmations  must  be  received. 
With  some  it  may  weigh  to  be  told,  that  the  work  of  IMayo  is  merely  a 
more  popular  and  elegant  exposition  of  the  far-famed,  but  little-known, 
discoveries  of  Professor  Beil.  According  to  this  view,  the  corpus  pyra- 
midale of  the  right  half  of  the  spinal  man-ow  occupies  its  anterior  and 
inner  edge,  from  the  tuber  annulare  to  the  lower  termination  of  the  spinal 
marrow,  and,  by  hardenmg  this  organ  previously  in  alcohol,  may  be 
easily  detached  from  the  rest  of  the  column,  without  apparent  laceration. 
(Mayo,  pi.  1.  fig.  4.)  The  furrow  which  separates  it  becomes  visible  in- 
deed to  the  naked  eye.  From  this  colwnn,  at  different  points  of  altitude, 
come  off  all  the  nerves  destined  to  voluntary  motion. 

Secondly,  the  corpora  olivaria,  situated  on  the  surface  immediately 
behind  the  pyramidal  bodies,  and  occupying  the  middle  of  the  lateral  as- 
pect of  the  medulla  oblongata,  are  in  like  manner  continued  along  the 
spinal  chord  downwards  to  its  extremity,  touching  and  parallel  with  the 
pyramidal  column,  and  consisting,  like  it,  of  a bundle  of  parallel  fibres. 
The  slits  disjoining  it  from  the  posterior  and  anterior  columns  are, 
according  to  Air  Mayo,  distinctly  visible.  This  medio-lateral  column 
gives  off,  at  different  points  of  its  altitude,  certain  anomalous  nerves, 


* See  also  Bellhigeri  De  Med.  Spin,  in  Aet.  Reg.  Turin,  vol.  27.  anno  1823. 
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which  Mr  C.  Bc-11  has  reduced  into  one  class,  and  named  respiratory.  The 
phrenic,  the  external  respirctory,  the  accessory  nerves  of  Willis,  and  the 
nenms  vagus  of  the  eighth  pair,  are  the  chief  constituents  of  this  class. 
— See  Notes  below. 

Lastly,  at  the  surface  of  the  posterior  and  interior  edge  of  the  half 
chord,  is  found  another  and  similar  oblong  body,  which  anatomists  name 
corpus  restiforme,  from  its  resemblance  to  a rope.  This  body  is  likewise 
found  to  extend  itself  downwards  into  the  spinal  chord,  forming  a poste- 
rior column,  the  last  of  the  three  into  which  each  semicylinder  or  half 
chord  is  div^ided.  From  tliis, — the  restuorm  colunm,  nerves  subservient  to 
sense  only,  originate  at  different  parts  of  its  height. 

The  following,  then,  is  the  sum  of  the  “ Natural"  Theory. — “From 
the  anterior  aspect  of  the  spinal  marrow,  on  each  side,  proceed  nerves  of 
motion  ; from  the  posterior  aspect  coiTesponding,  arise  nerves  of  sense 
merely  ; and  from  the  middle,  or  lateral  column,  between  these,  and 
which  coincides  with  the  transverse  diameter  of  a horizontal  section  of 
the  chord,  spring  nerves  of  a peculiar  function,  and  named  by  IMr  Bell  the 
respiratory  system  of  nerves.” 

If  these  dinerent  nemms  were  never  confused  together  in  one  sheath, 
the  study  of  the  nerves  would  thus  become  extremely  easy  ; but  the  fact 
is,  that  almost  all  the  anterior  and  posterior  spinal  nerves  unite  into  one 
bundle  before  imparting  any  branches  to  the  surrounding  parts,  and  are, 
therefore,  organs  of  both  sense  and  motion  united.  The  nerves  of  sense 
are  larger  than  the  nerves  of  motion  ; and  form  a ganglionic  enlargement  a 
little  before  the  point  of  union.  Thus,  common  nerves  are  seen  to  spring 
from  two  roots, — namely,  from  a large  and  knotted  posterior  root,  and  a 
small  and  unhbrm  anterior  root,  soon  joining  itself  with  the  former.  Hence 
is  at  once  understood  why  some  injuries  of  the  spine  produce  loss  of 
sense  ; others,  loss  of  motion  only  ; and  a third  class,  generally  more 
severe,  induces  both  species  of  privation.  “ I struck  a rabbit  behind  the 
ear,”  says  ]Mr  C.  Bell,  “ so  as  to  deprive  it  of  sensibility  by  the  concus- 
sion, and  then  exposed  the  spinal  marrow.  On  irritating  the  posterior 
roots  of  the  nerve,  I could  perceive  no  motion  consequent  on  any  part  of 
the  muscular  frame  ; but  on  irritating  the  anterior  roots  of  the  nerves,  at 
each  touch  of  the  forceps  there  was  a corresponding  motion  of  the  mus- 
cles to  which  the  nerve  was  distributed.  These  experiments  satisfied 
me  that  the  different  roots,  and  different  columns  from  whence  those 
roots  arose,  vrere  devoted  to  distinct  offices,  and  that  the  notions  drawn 
from  the  anatomy  were  correct.” — Exposit.  p.  31. 

Hitherto  all  is  beautiful  and  perspicuous  ; but  the  nerves  of  the  mid- 
dle, or  olivary  column,  are  not  so  distinct,  nor  so  easily  assigned  to  a 
particular  office.  It  is  true,  Mr  Bell  affirms,  that  “ It  is  the  introduc- 
tion of  the  middle  column  of  the  three,  viz.  that  for  respiration,  which 
constitutes  the  spinal  marrow,  as  distinct  from  the  long  central  nerve  of 
the  animals  without  vertebrae,  and  which  is  attended  with  the  necessity 

for  that  form  of  the  trunk  which  admits  of  the  respiratory  motions.” 

P.  23.  But  till  the  actual  independent  existence  of  such  a column  was 
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proved,  and  the  origin  of  the  nerves  called  respiratory  traced  into  it, 
these  words  exhibited  only  another  mode  of  affirming  the  general  propo- 
sition. Though  not  without  dispute,  it  is  now  generally  allowed  that 
these  nen^es  do  originate  thereabouts,  and  it  has  been  proved  by  exjieri- 
ments,  that  they  do  strongly  influence  the  actions  of  respiration  and  of 
physiognomic  expression. — See  more  in  our  Notes  below. 

Still,  as  the  most  forcible  respiratory  actions  take  place  during  expiration, 
at  a time  when  it  is  the  muscles  of  the  loins  and  abdomen  chiefly  which 
are  engaged  in  action,  it  follows,  that  though  these  nerves  of  the  lateral 
column  may  connect  the  sympathies  of  the  inspiratory  muscles,  yet  it 
is  not  proper  to  denominate  them  respiratory,  when  they  should  be 
named  inspiratory  nerves,  or  to  consider  them  as  the  vehicles  of  an  im- 
pulse, of  which  the  immediate  effect  is  not  an  inspiratory,  but  an  ex- 
piratory motion.  We  have  the  most  striking  proof  of  this  defect  of  the 
“ Natural  Theorv,”  in  the  external  respiratory  nerve,  which,  by  Mr 
Bell’s  own  plate,  p.  C3,  extends  even  to  the  lowest  digitations  of  the  ser- 
ratus  magnus  anticus.  But  the  three  or  four  highest  digitations  of  this 
muscle  have  an  expiratory  action  * ; and  consequently,  by  Mr  B.’s  own 
theory,  the  same  nerve  exerts  both  an  expiratory  and  an  inspiratory  in- 
fluence at  the  same  moment  ; nay,  is  at  the  same  time  co-operating  with 
and  resisting  its  own  associate  nerves  ! We  must,  therefore,  receive  this 
view  of  the  respiratory  nerves  with  some  caution. 

A fourth  and  most  beautiful  investigation  of  Mr  Bell  and  our  author 
has  been  to  trace  the  nerves  of  the  cranium  to  one  or  other  of  the  above 
general  classes.  Mr  BeU  once  denominated  these  the  irregular  nerves  ; 
but  later  experiments  by  himself  and  Magendie,  confirmed  by  the  ex- 
tensive zootomie  dissections  of  Desmoulins,  have  enabled  us  to  arrange 
them  as  in  the  following  Table  : — 
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TABULAR  VIEW  OF  THE  NATURAL  SYSTEM  OF  THE 
NERVES, 


I.  As  INVENTED  BY  Mr  C.  BelL  ; II.  AND  III.  AS  IMPROVED 
BY  MM.  AIagendie  and  Desmoulins. 


I. 


NERVES  OF  SENSE. 

NERVES  OF  MOTION. 

NERVES  OF  RESPIRATION. 

NERVES  OF  PHY- 
SIOGNOMY. 

Olfactorius. 

Opticus. 

Auditorius. 

Tergeminus. 

28  Spinales  poste- 
riores. 

V.  ,5 —Mr  Bell 
has  found,  that  all 
nerves  of  sense  in 
the  body,  without 
exception,  have  a 
ganglion  at  their 
roots. — Expos,  p. 
378. 

Motorius. 
Abductorius. 
Portio  dura. 
Lingualis. 

28  Spinales  an- 
teriores. 
Respiratorii. 

Vagus. 

Respiratorius  exter- 
nus. 

Phrenicus. 

Patheticus, 

Portio  dura, 
Accessorius  1 ogno- 
WiUisii. 

nerves* 

Patheticus. 
Portio  dura. 

II. 

M.  Magendie’s  Classification  of  the  Nerves  (see  Text,  p.  95.), 
into  sensible,  insensible,  and  accessory. 


SENSIBLE  NERVES. 

INSENSIBLE  NERVES. 

ACCESSORY  NERVE. 

1 Branch  of  5th  Pair. 
28  Spinales  posteriores. 
Pars  vaga. 
Suboccipitalis. 

Olfactorius. 

Opticus. 

Auditorius. 

Alotor  oculi. 
Abductorius. 

Portio  dura. 
Lingualis. 
Patheticus. 
Glossopharyngaeus. 
20  Spinales  anteriores. 

Tergeminus. 

M.  Alagendie  proves, 
that  the  Olfactory,  Op- 
tic, and  Auditory  Nerves 
derive  their  sensibility 
from  the  5th  pair,  and 
consequently  become  in- 
sensible when  this  is  di- 
vided. Hence  the  pre- 
sent arrangement. 
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M.  Desmoulins,  p.  770. 


CONDUCTORS  OF  SENSE. 


BLECTRO-KOrORS. 


EXCLUSIVE-MOTORS. 


Oifactorius. 

Auditorius. 

C'pticus. 


28  Spinales  anteiiores  ? 
M otorius. 
Pathetici'.s. 
Abductorius. 

Portio  dura. 
Sviiiuatheticiis  mas;- 


Motorius. 
Patheticus. 
Abductorius. 
Accessorius  Willisii. 
llespiratorius  ext. 
Phrenicus. 

Vagus. 

Portio  dura. 


28  Spinales  posteriores. 
Oibito-maxUlarius. 


nus? — P.  700. 


The  above  visws  of  these  three  eminent  persons  will  easily  be  found 
to  resolve  themselves  into  the  foUorving  facts  : — 

1.  There  are  a great  many  of  the  physiognomic  motions  which  are  ef- 
fected by  the  influence  of  the  3d,  4th,  6t  pa  js,  and  the  portio  dura. 

2.  These  nerves  are  incapable  of  imparting  sensibility  to  the  parts,  but, 
being  cut,  the  motion  of  the  latter  is  destroyed.  Of  this  the  portio  dura 
affords  the  most  singular  example.  It  supplies  the  whole  face  with  mo- 
tive powers,  just  as  the  orhito-maMlary  supplies  them  with  sense.  When 
the  former  is  divided,  therefore,  these  motions  are  suspended  ; and  sense 
is  destroyed  on  that  side  when  the  latter  is  cut  or  rendered  inefficient. 
Many  entertaining  examples  of  both  may  be  met  with  in  the  original 
works  referred  to,  whose  authors  seem  to  have  contended  quite  as  ear- 
nestly for  the  pahn  of  arousing  narrative  as  of  philosophical  discovery. 

3.  The  nerves  of  the  organs  of  the  senses  about  the  head, — olfactory, 
op)tic,  auditory,  gustatory,— seem  all  to  be  void  of  sehsibiiity  themselves, 
and  to  derive  their  power  of  conveying  impressions  almost  (see  Magendie 
and  Desmoulins)  entirely  from  the  5th  pair.  The  merit  of  this  discovery 
is  certainly  due  to  M.  Magendie. 

4.  The  5th  pair  bears  a great  resemblance  to  the  common  spinal  nerves 
in  exhibiting  a ganglion  upon  its  sensitive  portion,  and  arising,  like  them, 
by  two  roots.  The  motive  portion  of  this, — that  which  supplies  the 
lower  jaw, — may  therefore  be  considered  as  corresponding  to  the  anterior 
fasciculus  of  the  common  spinal  nerves. 

5.  The  physiognomic  and  respiratory  classes  of  nerves  are  found  to  be 
associated  whilst  influencing  these  actions. 

With  respect  to  the  sympathetic  nerve,  the  most  rational  account  at- 
tempted of  it  by  these  neurologists  is  that  of  M.  Desmoulms,  who  con- 
siders it,  essentially  motive, — from  the  fact,  of  its  forming  ganglia,  with 
motor  fasciculi  alone,  of  the  spinal  nerves,  from  its  remaining  constant  in 
Tinimals  of  the  lowest  sensibility,  and  from  the  peculiarity  of  its  con- 
nexions, observed  in  the  lump-fish.  Still  he  expresses  himself  very 
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doubtfully  with  respect -to  this  conclusion.  Mr  Eell,  in  his  Exposition, 
p.  64,  and  more  strongly  as  quoted  in  Edin.  Journ.  Med.  Science,  No.  vi. 
ij.  345,  confesses,  that  the  tme  theory  of  the  sympathetic  system  is  stUl 
unknown. 

We  may  leave  off  here  by  referring  the  reader  to  the  text,  and  our 
Notes,  p.  565  ; to  Mr  Bell’s  Exposition  ; to  the  Anatomy  of  the  Verte- 
brata  of  M.  Eesraoulins.  There  has,  indeed,  appeared  a good  deal  of  bit- 
terness and  misconception,  both  in  the  public  journals,  and  in  the  writings 
of  Sir  Bell,  concerning  the  share  or  merit  of  our  author  in  these  disco- 
veries, and  it  is  not  to  be  doubted  that  he  has  fared  the  worse  for  a prac- 
tice which  we  have  reprobated  at  p.  525  of  these  Notes,  as  but  too  fre- 
quent among  his  countrymen.  But  let  us  give  this  distinguished  indi- 
vidual what  no  Englishman  refuses  to  grant  to  the  lowest  of  his  kind, 
namely,  fam  play.  To  the  first  edition  of  this  work,  published  at  Paris 
in  1616,  and  at  least  seven  years  before  any  thing  was  heard  of  Flourens, 
Bolando,  Belhngeri,  or  Bell,  on  the  subject,  there  is  a note  placed  under 
p.  185,  which  concludes  the  article  on  the  functions  of  the  brain  in  these 
words  : — 

“ Ce  serait  ici  lieu  de  traiter  de  l’usage  des  diverses  parties  du  cer- 
vqau,  dans  l’intelligence  et  dans  les  facultés  instinctives  ; mais  ce  sujet 
est  encore  trop  peu  connu  pour  entrer  dans  un  livre  élémentaire.  I^ous 
nous  occupons  depuis  quelque  temps  d' experiences  directes  sur  ce  point  ; nous 
nous  empresserons  d’en  faire  connaître  les  résultats,  aussitôt  que  nous  les 
jugerons  dignes  d’être  rendus  publics.” 

What  was  more  natural,  than  that,  when  examining  the  influence  of 
different  parts  of  the  brain,  with  relation  to  volition  and  impulse,  he 
should  also  think  of  exploring  the  same  relations  among  the  nerves  ; es- 
pecially as  he  expresses  himself  at  that  time  utterly  dissatisfied  with  the 
existing  theories  by  which  it  was  attemjited  to  explain  the  frequent  re- 
unions of  those  organs  ? 

‘‘  On  ignore  complètement  l’utilité  des  anastomoses  nombreuses  qu’ont 
entre  eux  les  nerfs  ; les  suppositions  qu’on  a faites  peur  en  expliquer 
l’usage  ne  font  que  montrer  que  la  physiologie  est  encm'e  à son  berceau." — 
P.  147. 

This  language,  so  impressively  strong,  evinces  very  clearly  what  was 
passmg  in  M.  Magendie’s  thoughts  on  that  subject,  and  leaves  little 
doubt  on  an  impartial  mind,  that  the  same  coincidence  of  results  may 
have  taken  place  in  the  labours  of  Bell  and  Magendie,  as  in  the  well- 
known  invention  of  fluxions,  of  Headley’s  quadrant,  the  discovery  of  oxy- 
gen, and  many  of  the  most  ingenious  improvements  of  modern  science. 
Add,  that  ten  British  students  at  least  know  French,  for  one  Frenchman 
that  knows  English  : that,  after  the  manner  of  his  country,  the  experi- 
ments of  M.  Magendie  are  generally  performed  before  a great  number 
of  pupils,  whilst  those  of  Mr  Bell,  from  a laudable  desire  to  escape  the 
prejudices  of  the  age,  were  performed  in  private  ; and,  when  every  cir- 
cumstance is  considered,  there  appears  quite  as  much  reason  to  presume, 
that  Mr  Bell  derived  his  hints  from  the  public  exhibitions  of  M.  IMa- 
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gendie,  as  that  M.  Magendie  stole  his  from  the  secret  discoveries  of  Mr 
BeU  ; or  that,  equally  senseless  and  base,  he  could  make  up  his  mind  to 
appropriate  them  to  himself  after  the  Englishman’s  right  had  been  in- 
controvertibly  established  by  publication. 

a,  P.  101.  The  brain,  in  childhood,  is  almost  fluid.  It  is  said  by  Gor- 
don, that,  according  to  the  Wenzels,  it  attains  its  full  weight  before  the 
third,  its  fuU  size  before  the  seventh  year  : which,  however,  is  not  borne 
out  by  the  part  of  their  table  which  he  quotes  ; according  to  it,  the  fuU 
weight  of  the  brain  not  being  attained  before  the  fifth  year.  Gcrd.  Anat. 
p.  172-3.  Though  even  this  is  hard  of  belief,  the  reader  must  not  con- 
found the  growth  of  the  head  with  that  of  the  brain  within.  The  mean 
greatest  length  of  the  skull  is  breadth  S/Jj  inches;  according  to 

Dr  Monro’s  measurement  of  adults,  Outl.  i.  351.  Hatters  add  the  two 
diameters  together,  and  take  their  arithmetical  mean  for  the  diameter  of 
hats,  which  surround  and  measure  the  external  visible  circumference  of 
the  head.  As  the  number  of  heads  they  measure  is  immense,  and  they 
themselves  are  void  of  all  theory,  the  following  table,  obtained  from  an 
eminent  manufacturer,  and  exhibiting  the  mean  diameters  of  the  external 
head,  at  the  different  ages,  may  assist  us  in  comparing  the  growth  of  the 
brain  with  that  of  the  head  : 

“ TABLE  OF  MEAN  DIAMETERS  OF  HEADS. 

For  a child  of  1 year, 5|  inches. 

— 2 years, 5| 

r.  ... 4 years, 6| 

7 years, 6|  ; it  then  varies  little  tiU  12. 

12  years, 6| 

16  to  18  years, 6| 

Adults, 7i  ; largest,  7|  to  8 inches. 

Servants’  heads,  generally  small,  6|  to  7|  ; also  Negroes’  heads  are 
small. 

Women’s  heads  are  more  roundish  than  men’s,  and  nearly  aU  of  a size, 
varying  from  6|  to  7 inches  in  diameter.” 

N.  B. / have  had  this  Table  carefully  revised  by  Mr  Scott,  for  this  Second 

Edition. 

From  this  table,  and  Dr  Monro’s  taken  in  comparison,  it  appears  that 
at  seven  years  the  head  has  attained  only  the  same  size  as  the  brain  ex- 
hibits in  adults.  The  brain,  therefore,  within  the  head,  ought  not,  at 
seven  years,  to  have  attained  its  full  size.  This  is  the  age  at  which  the 
frontal  sinuses  begin  to  enlarge,  and  they  continue  to  add  to  the  dimen- 
sions of  the  head  till  twenty-one  ; and  though  this  separation  of  the  ex- 
ternal from  the  internal  table  of  bone,  appears  to  many  subversive  of 
phrenological  theory,  it  does  not  at  all  prove  that  no  further,  or  other, 
addition  is  made  to  the  size  of  the  head  during  its  progi-ess.  On  the 
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whole,  however,  the  growth,  even  of  the  head  after  aeven  years,  is 
much  less  than  could  have  been  expected.  The  length  of  the  brain  pro- 
per, after  the  seventh  year,  is  between  6 and  7 inches  ; its  breadth  from 
5 to  6 inches,  five  lines,  (English  ?)  Of  the  cerebellum,  in  like  manner, 
the  length  is  2 inches,  and  from  2 to  8 lines  ; breadth  from  3 inches  and  9 
lines  to  4 inches  and  4 lines.  Gord.  Anat.  i.  172. 

a,  P.  104.  The  Wenzels,  in  their  book  De  Penitiori  Cerebri  Structura, 
give  a table  of  the  above  relations,  from  which  the  following  extract  is 
translated.  See  the  table  itselfj  No.  3,  at  the  end  of  this  volume. 


Age. 

Weight  of 
whole 
brain. 

Weight  of 
brain  pro- 
per. 

Weight  of 
cerebel- 
lum. 

Five  months'^ 

Grains. 

Grains. 

Grains. 

after  concep-  > 
tion, j 

720 

683 

37 

At  birth, 

6,150 

5,700 

450 

3d  year, 

15,240 

13,330 

1,860 

5th, 

20,250 

17,760 

2,490 

25th, 

22,200 

19,500 

2,760 

46  th, 

20,490 

18,060 

2,430 

81st 

23,970 

21,210 

2,570 

Ratio  of  brain 
proper  to  cere- 
bellum. 


12|  :1 

7/.  ! 1 


735  : 1 

' 8 1 • 

761  : 1 


From  their  investigation,  it  appears  that  the  human  brain  attains  its 
maximum  size  before  the  third,  and  maximum  weight  before  the  seventh 
year.  Consequently  it  must  be  increasing  in  density  from  the  third  to  the 
seventh  •. 

a,  P.  105.  Note.  Dr  Gordon  employed  the  Wernerian  nomenclature 
to  designate  its  colours.  He  divides  brain  into  two  principal  suites,  white 
and  brown  matter  : but  he  subdivides  each  of  these  into  various  shades 
—the  white  into  orange- white,  yellowish-white,  or  wine-yeUow  ; the 
brown,  into  wood-brown,  and  greyish-brown.  Thus,  according  to  that 
anatomist,  the  crura  cerebri  are  orange-white  ; the  corpora  quadrigemina, 
yellowish-white  ; the  pineal  gland  is  wood-brown  ; and  the  commissura  mol- 


* It  is  much  to  be  regretted,  that  Tiedmann,  in  his  Foetal  Brain,  lately  translated  by  Dr 
Bennet,  has  omitted  to  note  the  relation  of  weight,  between  the  two  brains,  throughout  the 
different  ages.  It  would  have  constituted  a valuable  addition  to  his  excellent  little  work, 
which  has  now  rendered  the  anatomy  and  evolution  of  those  difficult  organs  as  plain  and  easy 
as  pen  and  ink  can  make  them.  With  this  cheap  and  commodious  little  work  before  us,  we 
shall  no  longer  have  any  excuse  for  pleading  ignorance  to  the  internal  structure  and  evolution 
of  the  nervous  mass. 
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lis,  yreyish-broum. — Gord.  Anat—lSô-l'ST.  N.  B.  The  comparison  was 
made  from  Werner’s  Nomenclature  of  Colours,  published  by  Syme,  un- 
der the  revision  of  Professor  Jameson. 

a,  P.  107-  A very  authentic  case  of  the  two  pulsations  of  the  brain 

above  mentioned,  occurred  to  the  celebrated  Professor  Blumenbach. 

JEl/.  Blum.  Phys.  p.  133. 

b,  P.  107.  It  will  not  detain  the  reader  long  to  explain  briefly  the 
cause  of  these  two  motions.  That  which  corresponds  to  the  pulsation  of 
the  arteries,  is  simply  the  eflect  of  the  hard  unyielding  nature  of  the 

bones  wdiich  constitute  the  base  of  the  cranium  ; they  refuse  to  yield  | 

downwards  to  the  lateral  dilatation  of  the  arteries,  wliich  is  consequently  [ 

exerted  wholly  in  the  perpendicular  direction;  producing  a corresponding 
alternate  motion,  or  pulsation,  in  the  brain.  Some  curious  investiga- 
tions of  this  motion  may  be  seen  in  Ilicherand’s  Physiology. 

The  second  movement  corresponds  to  those  of  respiration.  While  we 
expire,  the  lungs  collapse,  and,  as  has  been  long  known,  but  lately  de- 
monstrated by  Dr  Williams  of  Liverpool  ( Edln.  Med.  and  Sur.  Journal, 

Oct.  1823  ; Annals  of  Phil.  Sept.  1823 ),  transmit  less  blood  than  usual  to  the 
pulmonary  veins,  so  that  these  organs  are  then  almost  empt}'.  Hence  blood 
is  accumulated  successively  in  the  right  ventricle,  right  auricle,  superior 
cava,  and  cerebral  veins.  Thus  the  quantity  of  blood  in  the  cranium  and 
brain  is  increased,  and  with  it  the  volume  of  the  brain,  which  rises  gently 
up  into  larger  dimensions,  until  the  act  of  inspiration,  by  enlarging  the 
cells  of  the  lungs,  permits  the  accumulated  blood  to  descend  and  pass 
through  the  latter.  In  the  mean  while  the  brain  descends,  and  in  this 
manner,  alternately,  the  rismg  and  falling  of  the  brain  correspond  to  ex- 
piration and  inspiration — See  Hall.  Elem.  Phys.  iii.  o44, 

a,  P.  1G9.  Our  author  must  not  here  be  understood  to  insinuate  that  j 

aU  human  intellect  depends  on  organization,  as  some  have  erroneously  ! 

concluded,  from  a superficial  inspection  of  the  passage.  He  states  posi-  j 

lively,  that  “ they  (its  operations)  evidently  depend  on  the  soul  but 
he  wishes  to  guard  the  reader  against  the  error  of  confounding  their  laws, 
as  modified  by  the  brain,  and  external  matter,  with  the  visionary  specu- 
lations oi  the  ideologist  or  metaphysician.  Ideology  is,  no  doubt,  a part 
of  human  physiology  ; but  its  speculations  have  so  far  outgi'own  its  pa- 
rent science  in  point  of  extent,  and  are  so  far  inferior  to  it  in  the  means 
of  verification,  that  our  author’s  method  of  separating  them  cannot  be  too 
much  commended.  Let  the  metaphysician  always  avail  himself  of  the  j 

experiments  of  physiology  as  far  as  he  is  able  ; but  let  not  the  physiolo-  j 

gist  imagine  that  he  can  ever  derive  a reciprocal  assistance  from  meta-  ' 

physics.  It  is  possible,  however,  to  transfer  credulity  from  the  one  ex-  i 

treme  to  the  other  ; to  yield  a faith  as  implicit  to  the  probabilities  of  the  i 

scientific  physiologist,  as  is  usually  required  for  the  dogmas  of  pneumato-  i 

logy  : and  it  must  be  confessed,  that  M.  Magendie  speaks  of  the  action 
of  the  brain  in  this  place,  with  as  little  hesitation  as  elsewhere  of  the  ac- 
tion of  a muscle  ; though  that  action  be  as  pure  an  hypothesis  as  any  in  , 

metaphysics.  "What  action  has  this  organ  on  the  understanding  ? it  may  , 
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be  asked  ; or  by  what  process  does  it  assist  the  thinker  ? The  whole  doc- 

trine implied  is  evidently  a mere  assumption. 

We  may  here  notice  the  cerebro-cranial  metaphysics  of  GaU  and  Spurü- 
heim,  a system  which  has  been  variously  named  Metoposcopy,  Cranio- 
scopy,  Craniology,  and  at  present’ Phrenology.  If  we  but  consider  the  fact 
of  its  being  an  indifferently  assorted  mixture  of  the  physiognomy  of  the 
Greeks,  the  psycology  of  the  Middle  Ages,  and  the  nei’vous  materialism 
of  the  seventeenth  century  ; this  rapid  succession  of  denominations  v/ill 
at  once  be  referred  to  the  heterogeneous  nature  of  the  assemblage  it  indi- 
cates. Phrenology  affirms  that  the  mental  operations  of  man  are  all  to 
to  be  attributed  to  the  influence  of  about  thirty-five  faculties,  sentiments, 
or  propensities  ; the  faculties  being  generally  placed  m the  anterior  lobes, 
the  sentiments  in  the  middle  lobes,  and  the  propensities  in  the  posterior 
lobes  and  cerebellum.  The  monkish  psycologists  gave  nearly  the  same 
location  to  the  perceptive  and  reasoning  faculties  ; only  they  posted  me- 
mory in  the  cerebellum,  and,  as  they  thought,  immediately  within  the 
great  tuberosity  of  the  occiput.  But  phrenology  further  affirms,  that 
she  sees,  witli  anatomical  eyes  *,  on  the  surface  of  the  brain,  the  more  or 
less  accurately  defined  bases  of  the  very  cones  of  diverging  nervous  fibres 
in  the  encephalon,  which  are  the  peculiar  organ  or  seat  of  each  faculty, 
&c.  These  cones  have  their  bases  at  the  surface  of  the  brain,  and  their 
summits  or  apices  united  in  the  meduUa  oblongata.  They  are  large  in 
persons  where  their  faculty  is  active,  and  may  either  evince  this  increase 
of  bulk  by  a lateral  protuberation  of  the  parts  of  the  brain,  and  fulness 
of  the  cranium  contiguous  ; or  by  a longitudinal  increase,  i^roducing  a 
projection  on  the  surface  of  the  brain,  and  even  of  that  part  of  the  skuU 
corresponding  to  it,  or  finally  by  both  of  these  enlargements  taking  place 
together.  Phrenologists  have  delineated  the  positions  of  the  bases  of 
these  conical  organs  upon  busts,  heàd-maps,  casts,  and  skulls.  The  sites 
of  these  we  have  marked  in  the  table  below,  from  the  best  German  and 
French  authorities  ; but  the  dimensions  are  taken  from  a bust  published 
in  Edmburgli  in  1821;  and  re-edited  in  1829  with  great  changes,  con- 
forming in  judicious  silence  to  the  latest  views  of  Dr  Spurzheim.  They 
allot  to  each  its  peculiar  boundary  of  manifestation,  which,  of  course, 
represents  the  area  of  the  base  of  that  cone,  or  rather  pyramid  of  cerebral 
fibres,  which  constitutes  the  organ  of  the  faculty  proposed.  It  is  known 
that,  by  m.ultiplying  this  area,  hov/^ever  apparently  iiregular  its  outline, 
by  one-third  of  its  distance  from  the  general  point  of  concourse  in  the 
meduUa  oblongata,  we  shall  have  a sufficiently  exact  measure  of  the  solid 
contents  of  the  proposed  pyramid,  and  its  gravity,  if  necessary,  by  increas- 
ing its  weight  considered  as  water,  in  the  ratio  of  1009  to  1031.  The 
most  irregular  areas  of  small  spaces  may  be  exactly  measured,  by  cutting 
pieces  of  thick  sheet-lead,  so  as  to  fit  them  with  accuracy,  at  the  same  time 
weighing  a square  inch  of  the  same  with  precision.  As  the  small  error 
which  the  eye  makes  in  this  way  wül  be  nearly  the  same,  whether  the  lead 


^ Vide  Spurzhdm’s  AuatGBny  of  the  I'rain  (Lend.  18£6.)  p.  Ill,  IÎ2.  Edin.  Journ.  Med, 
He.  No.  Hi.  p.  K>î). 
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be  thick  or  thin,  we  have  here  a method  requiring  no  great  nicety  of  ba- 
lances or  of  manual  dexterity,  and  quite  unaffected  by  aerial  resistance. 
To  avoid  these  inconveniences,  I devised  it,  several  years  ago,  in  order  to 
increase  the  accuracy  of  some  minute  geographical  researches.  According- 
ly, I have  improved  the  following  table  of  the  organs,  by  adding  to  each  of 
the  latter  its  soHd  contents  in  English  inches,  and  weight  m English  Troy 
grains.  The  calculations  were  made  by  measuring  the  axis  of  each  py- 
ramid, from  the  middle  of  its  base  to  its  vertex  in  the  meduUa  oblongata, 
on  the  bust  published  here  in  1821,  and  presenting  the  following  dimen- 
sions, from  which,  by  an  easy  proportion,  the  corresponding  size  of  an 
organ,  for  any  other  head  may,  with  sufficient  accuracy,  be  discovered. 

Bust  from  root  of  nose  to  occipital  protuberance,  . . . 7.6 

Greatest  breadth, 5.8 

From  vertex  to  foramen  magnum, 6.6 

Now,  the  supporters  of  phrenology,  by  the  above  assertions,  afford  us 
at  once  an  experimentum  crucis  of  their  doctrine.  It  would  be  delightful 
indeed  to  find  it  established  by  experiment,  that  wherever  a faculty  was 
active,  there  or  thereabouts,  the  brain  was  large  or  the  skuU  prominent, 
where  inactive,  small,  and  conversely  ; that  wherever  a region  was  large, 
or  the  skuU  protuberant,  that  the  faculty  thereto  subjacent  should  be 
found  energetic.  Seven  years  ago,  in  the  place  of  this  note,  we  briefly 
pointed  out  that  the  above  instantia  crucis  was  the  fundamental,  and,  as 
such,  the  only  point  in  phrenology  worthy  of  discussion  ; and  we  added, 
that  it  might  be  brought  to  satisfactory  proof  in  one  of  two  ways,  viz.  by 
arefuUy  registering  the  measurement  of  all  the  regions,  enlargements, 
and  protuberances  of  the  skull  of  any  one  person,  and  comparing  them 
with  the  faculties,  sentiments  or  propensities  of  that  individual.  Or, 
secondly,  by  taking  a similar  survey  of  various  individuals  belonging  to 
a class,  as  soldiers  for  example,  in  which  their  true  characters  could  be 
ascertained  by  the  testimony  of  others,  and  incidental  differences  com- 
pensated or  neutralized  by  comparison.  Our  own  trials  in  this  way  had 
so  often  met  with  results  unfavourable  to  phrenology,  that  we  felt  much 
inclined  to  attribute  to  chance  the  few  favourable  cases  reported  by  its 
supporters.  W e had  moreover  seen  Mr  G.  Combe  fail  jjublicly  in  the 
case  of  Haggart  (Edin.  Journ.  Med.  Sc.  voL  iii.  p.  180;  Haggart's  Life, 
p.  1 67),  and  scores  of  amateurs  and  professed  phrenologists  blunder  in 
their  alternate  attempts  to  divine  the  characters  of  men  from  their  cranial 
development,  or  their  cranial  development  from  their  acknowledged  cha- 
racters. We  went  farther,  and  proceeded  to  show  by  a simple  calculation, 
that  the  chances  of  a phrenologist  finding  some  one  of  the  faculties  ma- 
nifested by  external  appearances,  could  never  be  less  than  about  the  pro- 
portion of  three  to  one  ; and,  in  another  work  (Edin.  Journ.  Med.  Sc. 
vol.  iii.  p.  178.),  we  explained  at  length  that  principle  of  human  nature 
by  which  occasional  coincidences,  such  as  that  of  a faculty  chancing  to  cor- 
respond to  cranial  development,  are  by  the  mind  of  man,  a creature  of 
hope,  admired  and  remembered  ; whilst  instances  of  failure,  such  as 
those  of  judicial  astrologj'  and  lotteries,  are  almost  instantly  forgotten. 
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Wise  men,  we  said,  had,  in  phrenology,  found  nothing  to  praise.  This 
was  no  good  sign  ; as  for  the  ignorant,  they  had  always  stood  forward  the 
ready  apostles  and  advocates  of  every  imposture. 

AV'ith  what  senseless  and  illiterate  virulence  these  observations  were 
received  by  a certain  journal,  may  be  seen  in  the  second  and  third  editions 
of  this  work  ; but  I somewhat  regret  having  given  so  much  notoriety  to 
its  rabid  pages,  to  which,  no  doubt,  any  species  of  infamy  was  preferable 
to  oblivion.  At  last  came  the  paramount  atrocities  of  Burke  and  Hare, 
and  with  them  the  final  settlement  of  the  fundamental  question  of  phre- 
nology. The  instaniia  cruets  was  fairly,  liberally,  and  most  publicly  de- 
cided on  the  heads  of  those  two  wretched  beings,  and  with  results  so  re- 
pugnant to  the  assumed  correspondence  of  development  and  faculty,  that, 
to  any  unprejudiced  mind,  these  two  admeasurements  alone  must  have 
sufficed  to  overthrow  the  whole  doctrine.  In  short,  ]\Ir  Stone",  to  whom 
the  public  is  indebted  for  these  valuable  facts,  found  the  manifestations 
of  Destructiveness  small  in  both  Burke  and  Hare  ; Conscientiousness 
large,  and  Amativeness  small  in  Burke,  contrary  to  his  well  known  cha- 
racter ; his  Benevolence  large  ; and  the  Ideality  of  Hare,  who  was  little 
better  than  an  idiot,  measured  greater  than  that  of  a poet  distinguished 
for  his  Ideality.  In  order  to  have  an  average  standard  of  comparison,  Mr 
gtone  took  the  measurement  of  100  crania,  preserved  in  the  public 
museums  of  Edinburgh,  and  100  living  heads,  amongst  soldiers  and  other 
persons  that  could  be  classed,  and  having  thus,  after  much  ingenious  la- 
bour, established  a series  of  accurate  average  measures,  which  are  now 
the  same  thing  to  phrenology  that  the  length  of  the  pendulum  is  to  sta- 
tics, he  proceeded,  by  the  aid  of  his  callipers,  to  examine  whether  the 
organs  of  Destructiveness,  Acquisitiveness,  &c.  are  reaUy  to  be  found 
larger  in  acknowledged  murderers  than  in  the  heads  of  other  men,  or  of 
the  average  of  mankind.  After  eighteen  trials  by  measurement,  it  fairly 
resulted  that  a very  great  number  of  such  persons  have  what  may  be  called 
their  characteristic  organs  somewhat  below  the  average  dimensions  ; while 
the  benevolent  and  intelectual  organs  are  occasionally  larger  in  them 
than  in  the  most  gifted  individuals.  This  curious  discovery  was  made 
by  Sir  William  Hamilton,  but  has  been  fully  confirmed  by  the  researches 
of  Mr  Stone,  who,  extending  his  inquiry,  was  willing  to  ascertain  whe- 
ther the  organ  of  Acquisitiveness  was  as  largely  developed  in  thieves  as 
had  been  frequently  asserted,  and  whether  their  organ  of  Conscientious- 
ness was  proportionally  smaller  than  usual.  In  fifteen  out  of  twenty-two 
Acquisitiveness  was  below  average,  and  the  organ  of  Conscientiousness  at 
the  average  measure. 

The  parts  containing  the  organs  of  Destructiveness  and  Acquisitiveness 
are  chiefly  supplied  by  the  vertebral  artery  ; when  the  action  of  this  be- 
comes languid,  and  the  developmentof  these  organs  is  below  average. 


* See  his  Observations  on  tlie  Phrenological  Development  of  Burke  and  Hare,  he.  pas- 
sim. Also  his  excellent  Essay  entitled  “ Evidences  against  the  System  of  Phrenology," 
passim.  It  is  a work  equally  distinguished  by  the  candid  ingenuity  of  its  reasoning,  and 
by  its  precise  and  accurate  information. 
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a more  vigorous  action  or  rather  re-action  of  the  carotids  may  naturally 
be  expected,  and  consequently  larger  anterior  lobes,  organs  or  protube- 
rances. It  is  thus  also  that  a larger  Sylvian  continuation  of  the  internal 
carotid  may  have  produced  the  great  ideality  of  Burke. 

The  following  may  be  taken  as  the  average  dimensions  of  the  cranium, 
and  the  regions  of  its  principal  faculties,  as  deduced  from  admeasure- 
ments ; — 

The  average  measure  of  the  Cranium  deduced  from  Examples, 


The  average  length  of  87  crania  is 7.1 

The  average  breadth  in  87  crania  an  inch  above  each  meatus 5.G 

The  average  height  of  the  same  taken  from  between  the  condyles  ) ^ j 
on  the  anterior  edge  of  the  foramen  magnum  to  the  vertex,. . ( 

Secretiveness  to  Secretiveness, 5.63C 

Combativeness  to  Combativeness, 5.039 

Destructiveness  to  Destructiveness, . 5.6 

Meatus  to  Benevolence,  5.01 

Meatus  to  Conscientiousness, 4 462 

Meatus  to  Causality, 4.31 

Meatus  to  I.ower  Individuality, 4.381 

Meatus  to  Philoprogenitiveness, 4.335 


The  average  mean  diameter  of  the  living  head,  taken  by  adding  the 
length  to  the  breadth,  and  dividing  by  2 is  6.813.  And  the  Scotch 
head  is  rather  larger  than  the  English  and  Irish. 

The  average  breadth  from  Destructiveness  to  Destructiveness  5.943. 
The  Scotch  head  is  rather  broader  than  the  English  and  Irish. 


From  Acquisitiveness  to  Acquisitiveness, 5.564 

P’rom  Ear-hole  to  Benevolence, 5.336 

From  Ear-hole  to  Conscientiousness, 4.824 

From  Ear-hole  to  Lower  Individuality, 4.864 

From  Ear-hole  to  Philoprogenitiveness, 4.753 


In  order  to  deduce  from  these  average  measures  of  manifestations  the 
average  size  of  the  organs  themselves,  we  may  proceed  as  follows  : 1,  Say, 
as  the  product  of  the  length,  breadth  and  depth,  of  the  bust  of  1821,  is  to 
the  size  of  the  given  organ,  as  ascertained  above  in  it  ; so  is  the  product 
of  the  length,  breadth  and  depth  of  the  average  head  to  the  medium  or 
modulus-size  which  the  organ  should  present  in  the  latter.  Here  we 
assume  the  bust  to  have  the  most  ordinary  conformation. 

Early  in  the  autumn  of  1 828,  I discovered  the  law  of  development  of 
the  frontal  sinus  (See  last  of  these  notes),  and  indeed,  by  an  easy  extension 
of  it,  the  theory  of  the  use  and  development  of  the  outer  tables  of  all  fiat 
bones,  of  the  evolution  of  the  bones  of  the  face,  of  the  facial  sinuses,  of 
the  appearance  of  the  teeth  ; and,  latterly,  of  the  general  preference  of 
the  right  ann  over  the  left  (See  infra).  It  appeared  in  consequence, 
that  most  of  those  prominences  and  expansions  on  the  anterior  half  of 


NOTES. 


559 


the  external  table  of  the  frontal  bone,  and  which  comprehends  so  many 
phrénologie  organs  of  the  perceptive  faculties,  have  not  in  their  growth 
the  least  reference  to  the  brain,  but  merely  to  the  bones  of  the  face,  v.dth 
whose  evolution  the  whole  external  plate  of  the  frontal  bone  is  indis- 
solubly connected.  If  the  faculties  corresponding  to  this  frontal  space 
are  inaccurately  referred  to  the  brain,  it  does  not  indeed  certainly  follow 
that  those  beyond  it  are  erroneous  also  ; but  it  affords  so  strong  a pre- 
sumption of  the  general  hastiness  of  phrenologists,  and  the  indemonstra- 
tiveness of  their  methods  of  discovery,  that  no  reliance  can  prudently  be 
placed  on  what  remains. 

The  above  considerations,  deduced  from  the  most  obvious  facts  and 
measurements,  seem  for  ever  to  exclude  phrenology  from  the  list  of 
sciences  founded  on  actual  ph^-sical  observation.  Their  metaphysics  I 
never  relished,  but  certainly  never  felt  myself  called  upon  to  dispute 
them  ; though,  in  the  former  editions  of  this  work,  I jiraised  their 
announced  resolution  to  rest  the  ci'edibility  of  their  system  upon  moral, 
ostensible,  tangible  facts.  The  passage  is  repeated,  as  suggesting  some 
comment  on  the  prudence  of  the  phrenologists  throwing  down  a gage 
fraught  with  so  much  peril  to  them  cause.  “ The  phrenologists  now  very 
properly  appeal  from  anatomy  and  physiology,  to  facts  ; for  these  must 
ultimately  establish  or  overthrow  the  credit  of  their  doctrine.  Although 
phrenology  places  aU  the  finer  and  more  exalted  faculties  of  our  nature 
in  some  region  or  other  of  the  forehead,  I have  repeatedly  observed, 
that  the  most  extensive  and  available  mental  powers,  as  well  as  the  most 
enthusiastic  proclivity  for  individual  pursuits,  occur,  frequently,  in  per- 
sons whose  forehead  is  perfectly  free  of  any  bump  or  protuberance  what- 
ever. On  the  whole,  facts  seem  to  go  against  the  phrenologist  : his 
doctrine  has  now  been  submitted  to  the  experience  of  the  v/orld  for 
thirty  years,  yet  in  all  that  period,  no  one  scientific  person  of  eminence 
has  appeared  in  its  defence.  IT e count  not  small  authors  in  a matter  so 
important  ; for  new  faiths  easily  take  root  among  the  ignorant,  and  the 
latter  are  by  no  means  unwilling  to  become  either  the  apostles  or  the 
prophets  of  doctrines  which  they  but  imperfectly  understand.  No  one, 
even  of  its  warmest  supporters,  has  hitherto  so  far  trusted  in  this  art,  as 
to  venture  to  deliver  a history  of  all  the  developments  in  the  cranium 
of  select  individuals.  By  following  this  method,  either  on  select  indi- 
viduals, or  on  a number  of  persons  of  a given  class,  as  a regiment  of  sol- 
diers, they  might  be  able  to  establish  their  doctrine,  if  it  were  founded 
on  truth  ; because  the  sentiments  and  faculties,  of  select,  or  classed  indivi. 
duals  can  alone  be  properly  verified  by  the  testimony  of  others,  and  if 
found  to  agree  with  the  p:rotuberance,  or  volume,  of  the  index  of  the  or- 
gan in  the  cranium,  must  afford  irrefragable  evidence  of  the  connexion 
between  the  sign  and  the  thing  signified,  which  is  all  that  is  worth  disput- 
ing about  in  phrenology.  On  the  contrary,  they  seem  to  apprehend 
danger  from  this  EXPEaiaiENTUai  caucis  ; they  see,  no  doubt,  that  it  is 
a rare  case  to  meet  with  any  person  who  may  not  lay  claim,  from  fact, 
vanity,  or  imagination,  to  nine-tenths  of  the  whole  faculties  in  a gi-eater 
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or  less  degree,  and  therefore,  when  they  once  meet  with  the  cranial  emi- 
nence (case  a infra),  they  need  be  little  afraid  of  not  hearing  some- 
thing of  the  talent  or  disposition  it  represents.  But  to  make  up  a ba- 
lance-sheet, having  all  the  faculties  on  the  first  side,  and  all  the  emi- 
nences on  the  second,  would  exhibit  a frightful  discrepancy  : and  they 
prudently  adhere  to  solitary  organs,  but  never  give  a survey  of  the  en- 
tire cranial  surface.  It  is  thus  that  a pretender  to  craniology  can  scarcely 
faU.  It  is  only  a few  ill  constituted  individuals,  who  want  altogether 
any  of  the  creditable  faculties  described  ; and  in  those  few,  the  eminence 
corresponding  may  be  wanting  also,  and  thus,  by  the  mere  laws  of  chance, 
account  for  cases  of  their  mutual  deficiency.  As  to  the  discreditable  bumps, 
only  one-ninth  of  the  whole,  vanity  will  lead  nine  persons  to  lay  claim 
to  creditable,  for  one  to  deny  the  discreditable,  faculties.  In  the  extraor- 
dinary developments  of  faculties,  chance  is  stiU  much  in  his  favour; 
since  bumps  are  very  common  things,  and  great  faculties  uncommon. 
Lastly,  the  chances  could  only  be  even,  or  as  many  misses  as  hits,  if 
bumps  were  as  often  wanting  as  present  ; or  bumps  being  constant,  if 
the  faculties  were  as  often  absent  as  present.  To  put  these  chances  into 
a simple  arithmetical  form,  it  must  be  observed  that  there  are  two  cases 
of  phrenological  divination. 

a.  The  artist,  after  ascertaining  the  bump,  predicts  the  faculty. 

b.  The  artist,  after  ascertaining  the  faculty,  foretells  the  bump. 

a.  It  is  rare  for  any  of  the  faculties  to  be  wanting  ; say  w times  in  h, 
therefore  h — w,  = number  of  times  the  artist  will  be  right  in  assigning 
a faculty  to  the  given  bump. 

Suppose  now  a person  about  to  form  a system  of  phrenology. 

When  there  are  given  a plurality  of  bumps,  the  chances  will  be  for 


each  being  referred  to  a faculty  not  wanting  in  the  individual,-^m^  : and 
° w 

as  the  success  of  any  one  of  the  given  plurality  n will  be  sulRcient  to  es- 
tablish the  credit  of  the  diviner,  the  chance  becomes  multiplied  by  half 

that  number,  or-^  X ^ ^ = chance  of  succeeding  with  some  one  of  the 

2 w 


33  faculties. 

N.  B This  first  form,  or  the  divination  from  the  bump  to  the  faculty, 

is  by  far  the  most  frequent  in  use. 

h.  In  the  divination  from  faculties  to  bumps,  assume  that  the  whole 
33  bumps  are  not  wanting  oftener  than  w inh  times  : indeed,  a cranium 
without  a prominence,  or  some  one  predominating  dimension,  has  never 
yet  been  discovered.  Then  the  number  of  persons,  with  at  least  one 

bump,  is  A w,  and  — i®  the  chance  that  any  person  has  the  given 


bump  : of  course  the  person  who  possesses  the  given  faculty,  has  not  a less 
chance  of  having  the  corresponding  bump,  than  any  other  individual  ; so 

that  i®  the  expression  of  the  chance  in  favour  of  his  having  a bump 

respondent  to  his  faculty. 
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Thus,  for  example,  in  the  first  case,  putting  Æz=100,  and  w=l,  which 
may  be  considered  a very  favourable  allowance  to  the  phrenologist,  and 
much  within  the  rarity  of  persons  who  totally  want  any  faculty,  as  the 

musical  ear,  numbering,  colouring,  language,  &c.  : we  have  = 99 

chances  to  one,  that  Peter,  who  has  the  organ  prominent,  confesses  to 
being  cautious — or  is  accused  of  it  by  others. 

And,  to  employ  the  same  numbers,  though  even  more  favourable  to 

the  jjhrenologist  than  the  former,  in  the  second  case, = 100  1 _ ^ 

33  33  1, 

that  Paul,  who  is  known  to  be  pious,  has  the  organ  of  Veneration. 

In  the  same  manner,  if  there  be  supposed  (a?)  2100  eminent  persons  in 
Britain,  the  proportion  of  failures  by  the  first  method  would  come  out  to 

be  ^ = ^51^  = 99,  by  the  first  method  ; and  = 

w 2\  ' 33  3o  ’ 

by  the  second  : The  remainder,  or  successful  cases,  will,  in  either  way, 
far  more  than  cover  those  examples  of  harmony  between  prominences 
and  faculties  published  by  the  phrenologists,  even  though  a much  smaller 
ratio  of  OT  to  A were  assumed.’ 


CRANIOLOGICAL  TABLE  OF  THE  XXXIII  FACULTIES, 

TO  WHICH  SPURZHEIM  ADDS— SUPERSTITION  34,  PHENOMENA  35. 

N.  B Asc.  signifies  Ascertained  ; Pros.  Probable  ; Conj.  Conjectural  ; 

W.  the  weight  of  the  organ  in  grains  Troy  ; S.  the  solid  contents  of 
the  organic  cone  in  inches.  A.  the  area  of  its  base. 


NAME. 

SITUATION. 

OFFICE. 

1.  Order. 

FEEDINGS. 

1.  Amativeness. 

Space  between  the  mas- 

To  produce  the  feel- 

s.  3.07. 

toid  process  and  the 

ing  of  sexual  de- 

W.  700.650. 

occipital  protuberance. 

sire. 

2.  Philoprogenitiveness. 

A.  3.838.  Asc 

Cerebral  part  situated 

To  produce  the  in- 

S.  9.22. 

immediately  above  1, 

stinctive  feeling 

W.  2404.576. 

and  corresponds  to  the 

of  attachment  to 

3.  Inhabitiveness. 

general  protuberance 
of  the  occiput.  A. 
6.744.  Asc. 

Supposed  to  be  placed  a- 

offspring — love  of 
children. 

To  determine  the 

S.  4.54. 

bove  the  occipital  pro- 

place  of  dwelling. 

W.  1184.032. 

tuberance,  immediate- 
ly over  2,  and  under 
10.  A.  2.838.  Conj. 

N n 
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NAME. 

SITUATION. 

OFFICE. 

4.  Adhesiveness. 

On  each  side  of  3,  and 

Love  of  society, — 

S.  4.43. 

above  2,  over  the  lamb- 

friendship,  — at- 

W.  1155.344. 

doid  suture.  A.  2.888. 

tachment. 

5.  Combativeness. 

Prob. 

Over  the  inferior  and 

Love  of  fighting. 

S.  5.03. 

mastoid  angle  of  the 

W.  1311.824. 

parietal  bone.  A.  4. 133. 

C.  Destructiveness. 

Asc. 

Immediately  above  the 

Impulse  to  kill,— 

S.  .98.54. 

meatus  auditorius  ex- 

cruelty. 

W.  256.99232. 

ternus,  on  the  union 

7.  (9)  Constructiveness. 

of  the  parietal  with  the 
squamous  plate  of  the 
temporal  bone.  A. 
.8099.  Asc. 

Over  the  spheno-tempo- 

Building,  architec- 

S.  3.3. 

ral  sutui’e  at  the  poste- 

ture,  &c. 

W.  860.64. 

rior  edge  of  the  malar 

8.  Covetiveness. 

process  of  the  frontal 
bone.  A.  8.554.  Asc. 
Os  frontis,  along  its  se- 

Desire  of  acquiring. 

S.  2.02. 

milunar  line.  A.  1.43. 

W.  526.816. 

Asc. 

9.  (7)  Secretiveness. 

Sphenoidal  angle  of  parie- 

Desire  of  conceal- 

S.  11.975. 

tal  bones.  A.  2.618. 

ing. 

W.  3124.384. 

Asc. 

10.  Self-esteem. 

Posterior  or  sagittal  angle 

Vanity,  pride. 

S.  6.48. 

of  the  parietal  bone. 

AV.  1689.984. 

A.  3.565  Asc. 

11.  Love  of  Approbation. 

Each  side  of  1 0 along  the 

Vanity,  love  of 

S.  6.57. 

lambdoid  suture.  A. 

praise. 

W.  1713.456. 

3.648.  Asc. 

12.  Cautiousness. 

Parietal  margin  of  lamb- 

Caution,  prudence. 

S.  8.11 

doid  suture  between  9 

W.  2115  088. 

and  11.  A.  4 769.  Asc. 

13.  Benevolence. 

Part  of  frontal  bone  an- 

Benevolence,  kind- 

S.  6.77. 

terior  to  the  bregma. 

ness. 

W.  1765.616. 

A.  3.474. 

14.  Veneration. 

Bregma,  or  its  anterior 

Piety,  devotion,  ve- 

S.  5.97. 

frontal  edge.  A.  3.118. 

neration. 

W.  1556.976. 

Asc. 

15.  (17)  Hope. 

At  each  side  of  14,  on 

Hope,  expectation. 

S.  4.42. 

the  frontal  bone.  A. 

W.  1155.344. 

3.262.  Prob. 

16.  (19)  Ideality. 

Lower  than  14  on  the 

Feeling  of  perfec- 

S.  9.1.39. 

frontal  bone.  A.  2 823. 

tion,  sensibility, 

W.  2383.712. 

Asc. 

inspiration. 

17.  (16)  Conscientiousness. 

Parietal  bone,  posterior 

Sense  of  justice. 

S.  5.313. 

half.  A.  2.414.  Asc. 

W.  1384.848. 
18.  (15)  Firmness. 

Before  the  posterior  breg- 

Steadiness,  firm- 

S.  6.049. 

ma,  in  parietal  angles. 

ness. 

W.  1685.20. 

A.  3.580.  Asc. 
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NAME. 

SITUATION. 

OFFICE. 

II.  Order. 

UNDERSTANDING. 

18.  Wonder. 

Frontal  bone  above  the 

General  knowledge 

S.  6.218. 

superciliary  ridge.  A. 

of  existence. 

W.  1622.176. 

5.772.  Asc. 

19.  (22)  Individuality. 

Root  of  the  nose,  or  nasal 

Figure,  geometry. 

S.  9.14. 

process  of  the  frontal 

W.  2383.712. 

bone  at  the  internal 

20.  (23)  Form. 

canthus. 

V. 

Inner  edge  of  superc. 

Size. 

z. 

arch.  A.  .5677.  Conj. 

21.  (24)  Size. 

Behind  root  of  nose,  in 

Weight. 

S.  .313. 

orbit.  CoNj. 

W.  89.4544-. 
22.  (25)  Weight. 

Over  the  middle  eye- 

Colour,  painting. 

S.X? 

brow.  A .4012.  Pros. 

finery. 

W.Y? 

23.  (26)  Colouring. 

Over  the  inner  limit  of 

Place,  travelling, 
amor  patriae. 

1 S.  .576. 

each  superciliary  ridge. 

W.  148.656. 

A.  .5526.  Asc. 

24.  (27)  LiOcaiity. 

Over,  or  in  the  external 

Order,  arrange- 

s.  .71. 

limit  of  the  superci- 

ment. 

W.  185.168. 

lium.  A.  .5374.  Prob. 

25.  (29)  Order. 

Temporal  ridge  of  the 

Time,  accuracy. 

S.  2,035. 

frontal  bone.  A.  .42 1 6. 

w.  527.1200. 

Conj. 

26.  (31)  Time. 

External  limit  of  the 

Arithmetic,  mathe- 

S.  1.920. 

frontal  portion  of  the 

matics. 

W.  239.936. 

orbit.  A.  .5677.  Asc. 

27.  (28)  Number. 

Frontal  bone  above  25. 

Music. 

S.  1.049. 

A.  .8629. 

W.  273.840. 
28.  (32)  Tune. 

Frontal  orbitar  plate. 

Language— lin- 

S.  1.51. 

protruding  eye.  A. 

guists’  faculty. 

W.  393.808. 

1.566.  Asc. 

29.  (33)  language. 

Centre  of  frontal  bone 

Judgment. 

S.  2 035. 

above  19,  inverted  py- 

W.  527.126. 

ramid.  A.  1.082.  Asc. 

30.  (34)  Comparison. 

Same  bone  at  side  of  30. 

Logic — invention. 

S.  1.659. 

A.  1.332.  Asc. 

W.  532.032. 
31.  (35)  Causality. 

Same  level  of  frontal 

Wit. 

S.  1.92. 

bone,  near  its  tempo- 

W.  239.936. 

ral  ridge.  A.  1.136. 

32.  (20)  Wit. 

Asc. 

S.  .5863. 

Above  32  in  the  frontal 

Imitation,  mimick- 

W.  153.872. 

bone,  highest  in  fore- 

ry. 

33.  (21)  Imitation. 

S.  1.0407. 

W.  271.4928. 

head.  A.  .2498.  Asc. 
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5()4. 

Total  weight  of  the  organs,  after  allowing  for  those  represented  single, 
and  subtracting  a solid  shell  of  I inch  thickness,  as  allowance  for  inte- 
guments and  skull-cap, 37C71  grs. 

Common  weight  of  brain, 24000  grs.  (See  p.  344-) 
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This  difference  is  accounted  for  by  the  encroachments  of  the  salient 
j)arts  in  the  base  of  the  cranium,  of  the  fakes,  and  tentoi'ium  ; and  by 
the  extensive  fossae  of  the  convolutions  and  ventricles. 

a.  P.  1 M.  Magendie  is  far  from  being  correct  in  supposing  this  fact 
of  the  change  in  the  volume  of  muscles  to  be  of  no  consequence.  Muscu- 
lar contraction  is  by  far  the  most  important  phenomenon  of  the  Living 
body  ; indeed,  it  is  the  essence,  as  we  have  shown,  of  the  primary  idea  of 
life  ; and  we  can  never  be  safe  even  to  guess  at  a theory  of  contraction, 
till  we  have  first  ascertained  the  mechanical  changes  which  a muscle  un- 
dergoes in  that  state.  Of  these,  change  of  volume  is  the  most  import- 
ant, and  has  accordingly  engaged  the  most  eminent  talents  of  which 
Physiology  can  boast — EoreUi,  Boerhaave,  GHsson,  Sauvages,  Swammer- 
dam, Haller,  Blane,  Gordon,  and  many  others,  (Hall.  El.  Phys.  iv.  473). 
BoreUi  balanced  a man  over  a triangular  prism  as  a fulcrum,  and  ordered 
him  to  move  his  lower  extremities  with  vehemence  ; but  no  change  took 
place  in  his  equilibrium.  Swammerdam  included,  after  his  method,  a muscle 
within  a cylinder  of  glass,  fiUed  with  water,  and  furnished  with  a graduated 
index  : he  found  a frog’s  heart  to  increase  the  indicated  volume  of  the  water 
during  its  contractions,  but  no  change  from  the  contractions  of  other  mus- 
cles. Gordon  repeated  this  experiment,  after  Goddart  and  Glisson,  by  in- 
troducing his  arm  into  an  apparatus  of  the  same  kind,  of  such  delicate  ex- 
actness, that  it  indicated  the  systole  and  diastole  of  the  arteries  produced 
by  the  wave  of  blood  sent  from  the  heart  ; yet  no  contraction  of  the 
muscles  of  the  arm  occasioned  the  least  rise  or  fall  of  water  in  the  gra- 
duated index.  It  is  scarcely  possible,  or  even  conceivable,  that  in  the 
infinite  variety  of  motions  one  may  employ  in  the  bath,  that  the  diminu- 
tions of  the  relaxed  muscles  should  always  be  exactly  equivalent  to  the 
dilatations  of  those  contracted,  or  vice  versa.  The  chances  to  the  con- 
trary are  as  many  millions  to  unity  ; yet  no  contraction  of  muscles  in 
the  bath  produces  the  smallest  rise  of  the  water,  unless  accompanied 
with  locomotion.  The  objection  to  the  obvious  conclusion  from  hence, 
advanced  by  Hook  and  Birch  {Phil.  Tr.  iii.),  amounts  to  nothing  ; for 
blood  expressed,  by  contraction  of  the  flexors,  out  of  the  deep  veins,  does 
not  all  leave  the  arm,  or  the  vessel  which  contains  the  arm  ; it  merely  is 
driven  into  other  veins  of  the  arm,  which  are  more  superficial,  and  con- 
sequently not  subjected  to  pressure  from  the  flexors.  Hamberger’s 
method  of  investigating  this  subject  consisted  in  including  the  arm  within 
a wire,  or  bracelet,  and  observing  the  increased  pressure  occasioned  by 
contracting  its  muscles  ; but  this  phenomenon  is  fallacious,  being  pro- 
duced by  the  obliquity  of  direction  common  to  all  the  long  muscles  of 
the  fore-arm.  It  is  not  easy  to  see  any  thing  peculiar  or  advantageous 
in  the  substitution  of  an  eel’s  tail,  which  was  made  for  the  arm,  in  a 
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Crooman  lecture,  by  Sir  G.  Elane.  Had  he  split  the  tail  of  the  eel  along 
the  spine,  then  he  might  have  got  rid  of  the  doubt  above-mentioned,  as 
to  the  compensating  effect  of  antagonist  muscles  ; but  he  never  seems  to 
have  thought  of  this.  In  that  part  of  the  eel  which  he  employed,  the 
portion  from  the  anus  to  the  tail,  no  convulsive  action  whatever,  or  how- 
ever produced,  made  any  alteration  in  the  volume  of  the  water,  or  its  in- 
dex. “ It  had  neither  one  effect  nor  other,  nor  did  the  muscles  at.  aii}^ 
time  occupy  either  more  or  less  space  than  at  another.” — Blane's  Croonian 
Lectures  on  Muscular  Motion,  p.  13. 

a,  P.  131.  See  Santorini’s  Work,  p 97. 

a,  P.  132.  The  author  probably  means,  “ because  it  regulates  the  vi- 
brations which  produce  the  vocal  sound.”  The  present  expression,  con- 
veying no  idea  of  the  action  of  the  muscle,  seems  a slip  of  the  pen See 

p.  135,  1.  21. 

a,  P.  1 34.  See  Dodart’s  Memoir,  and  Bichat.  Our  author  has  done 
much  to  illustrate  the  difficult  physiology  of  the  glottis,  not  merely  by 
instituting  his  own  experiments,  but  by  reviving  many  of  authors  now 
forgotten. 

a,  P.  144.  An  excellent  discussion  of  the  principles  of  articulation 
may  be  found  in  Dr  Brewster’s  Encyclopædia.  It  v.'as  written  by  the 
late  Dr  Gordon,  and  may  be  perused  along  with  the  present,  and  HaUer’s 
cliapter  on  the  subject,  with  great  advantage.  Some  of  its  conclusions, 
however,  appear  to  be  premature. 

a,  P.  145.  A beautiful  proof  of  this  assertion  occurred  lately  in  H. 
B — ss,  an  acquitted  felon,  who  happening  to  be  recommitted  for  a new 
trial,  attempted,  by  cutting  his  throat  while  in  prison,  to  anticipate  that 
punishment  of  his  crime  which  probably  seemed  now  inevitable.  The 
instrument  (a  razor)  had  completely  divided  both  the  larynx,  a little  above 
the  cricoid  cartUage,  and  the  œsophagus,  at  the  same  point  ; so  that 
whatever  was  introduced  into  the  mouth  escaped  by  the  external  wound. 
Nature  proved  active,  the  law  inadequate  to  his  conviction  ; but  as  the 
divided  parts  had  retracted  to  more  than  three  inches  distance,  no  effort 
of  the  surgeon  was  sufficient  to  reunite  them.  In  short,  the  cephalic  ex- 
tremities of  the  air  and  alimentary  tubes  became,  in  the  process  of  re- 
covery, obliterated  ; while  the  culprit,  liberated  from  all  dread  of  prison 
or  gaUows,  continues  to  breathe,  and  feed,  with  little  inconvenience,  fi-om 
thefr  stUl  pervious  thoracic  extremities  ; the  matters  destined  to  make 
their  transit  by  the  oesophagus  being  conveyed  into  it  by  means  of  a tube. 
The  following  facts,  which  have  been  observed  in  the  man,  who  is  now 
quite  well,  establish  the  assertion  of  our  author,  “ and  are  otherwise  in- 
teresting (says  Dr  Gairdner,  the  naiTator)  in  a physiological  point  of 
view.” 

1.  “ Durhig  each  meal,  and  immediately  after  it,  there  is  a very  pro- 
fuse discharge  of  saliva  from  the  mouth,  amounting  to  from  five  or  six, 
to  eight  ounces,  or  even  more,  and  generally  most  profuse  when  the  food 
is  very  hot. 
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2.  “ He  still  preserves  the  sense  of  smelling  in  a very  considerable 
degree  ; probably  from  his  possessing  the  power  of  producing  a current 
of  air  through  the  nostrils,  by  the  action  of  the  muscles  of  the  mouth  and 
tongue. 

3.  “ He  possesses  also  a power  of  articulating  to  a certain  extent — 
very  limited,  of  course,  and  without  the  slightest  degree  of  laryngeal 
sound.  This  power  must  also  be  owing  to  his  taking  a little  air  into  his 
mouth,  by  the  muscles  of  which  it  is  expelled  in  the  attempt  at  pro- 
nunciation. For  instance,  if  a question  be  put  to  him  which  may  be 
answered  by  the  monosyllable  yes,  his  tongue,  and  teeth,  and  lips,  perform 
that  succession  of  actions,  which  in  the  sound  state  of  the  parts  would 
be  necessary  for  its  distinct  articulation,  and  the  word,  or  rather  the  let- 
ter S,  with  which  it  concludes,  is  heard  as  in  a whisper.  ” — Edin.  Med. 
and  Surg.  Journ.  July  1820. 

a,  P.  147.  Ventriloquism  is  not  exactly  an  imitative  process,  though 
certainly  depending  much  on  that  faculty.  Thus  Matthews,  the  cele- 
brated mhnick,  is  a tolerable  ventriloquist,  and  derives  much  of  his  suc- 
cess in  it  from  mere  imitation.  Stilt  Matthews  and  aU  others  avail 
themselves  of  another  principle  ; namely,  the  imperfect  manner  in  which 
man,  their  auditor,  judges  of  the  angle  of  position  by  the  ear.  When  we 
shut  our  eyes,  we  have  a very  imperfect  and  often  erroneous  idea  of  the 
place  from  which  the  sound  issues.  The  ventriloquist,  therefore,  or  more 
properly  to  speak,  the  Alioloquist,  turns  his  face  in  the  direction,  and  ap- 
proaches it  to  the  object,  from  which  he  designs  to  counterfeit  a sound 
issuing  ; or  at  least,  places  himself  so  that  his  own  line  of  distance  shall 
make  a very  small  angle  with  the  line  drawn  from  the  spectator  to  the  ob- 
ject ; and  in  one  or  other  of  these  three  ways,  or  by  employing  them  alto- 
gether, a well  imitated  sound  seems  to  the  spectator  to  issue  from  the  ob- 
ject. AYhen  Matthews  makes  the  puppit  speak  from  within  a box,  he  al- 
ways previously  bends  down  his  head  as  if  to  listen  ; it  is  thus  he  dimi- 
nishes the  angle  of  position. 

a,  P.  175.  These  physiognomical  motions  are  usually  referred  to 
SYMPATHY,  which  may  be  explained  here. 

Sympathy,  or  conjunct  suffering,  is  when  one  organ  is  observed  to  suf- 
fer something  when  another  is  affected.  Thus  the  laughing  movements 
of  the  head  and  trunk,  usually  produced  by  tickling  the  soles  of  the  feet, 
is  a good  example  of  sympathy.  If  we  can  explain  it  by  nerves  in  any 
way  connecting  the  parts,  we  term  it  nervous  sympathy,  otherwise  we 
generally  denominate  it  contiguous  or  remote,  according  to  the  degree  of 
proximity  of  the  organs  affected.  Sympathy  of  parts  is  an  ultimate  fact 
perfectly  established,  but  scarcely  ever  explicable.  It  is  divided  by  J. 
Hunter  thus  : 


{ 


Remote 

Contiguous 

Continuous. 


Introd.  to  Blood,  &c. 
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By  Bkhat,  thus  : 


Animal  sensibility 
Animal  contractility 


{sensible 
insensible. 


Sympathy  of 


Organic  contractility 
Organic  sensibility 


I sensible 
\ insensible. 


Sympathy  is  also 


f Healthy 
I Morbid. 


To  understand  the  above  table,  and  the  tables  of  the  tissues  and  func- 
tions given  in  another  place,  it  is  proper  to  observe,  that  Bichat  applied 
the  term  Life  to  any  series  of  vital  phenomena  subsisting  in  one  part  of 
the  body,  and  supposed  to  be  insulated,  or  at  least  little  connected,  with 
the  rest.  Thus  the  heart  lives  after  the  lungs  cease  to  act,  therefore  he 
has  a “ life  of  the  heart  the  brain  may  survive  the  lungs  in  certain 
states,  or  the  lungs  the  brain,  therefore  he  has  a life  of  the  lungs,  and  a 
life  of  the  brain.  In  the  same  way,  he  has  a life  of  the  kidneys,  a life  of 
the  spleen,  of  the  Uver,  and,  in  short,  of  all  the  glands.  He  has  crowned 
this  fruitful  source  of  discovery — the  substitution  of  a new  meaning  for 
an  old  word — by  speaking  of  the  organic  Hfe,  the  animal  life  : not  at  all 
signifying  by  these  terms  that  any  of  the  life  of  our  body  is  not  animal, 
but  merely  that  the  series  of  parts  which  connect  us  with  the  external 
world  possess  one  kind  of  properties  ; and  that  the  parts  whose  office  is 
not  with  the  external  world,  but  with  the  support  and  reproduction  of 
the  machine,  have  others  totally  different.  This  is  all  that  he  means  by 
the  terms  animal  and  organic  life  ; the  former  implying  the  vital  proper, 
ties  of  the  organs  possessed  of  sensibility,  as  the  nervous  and  muscular  ap- 
paratus ; the  latter  embracing  all  the  other  organs  ; besides  the  sympa- 
thetic nervous,  and  the  involuntary  muscular  system,  as  an  exception 
from  the  animal  organs.  In  short,  the  whole  matter  is  very  simple  : Bi- 
chat employs  the  term  life  instead  of  “ peculiar  vital  properties f and  has 
not  therefore  deviated  from  this  sense  of  it,  whether  he  speaks  of  the  life 
of  single  organs,  or  of  the  two  great  systems.  That  others  have  mis- 
taken this  language,  and  thought  that  he  attributed  two  lives  to  man,  must 
be  ascribed  to  the  obscurity  of  the  term  life,  and  to  the  love  which  many 
readers  entertain  for  the  wonderful.  Bichat  allows  us  a much  greater  num- 
ber of  lives, — as  any  person  may  ascertain  by  counting  them.  It  happens, 
indeed,  that  the  animal  and  organic  embrace  them  all  ; but  whoever  reads 
the  first  paragraph  of  Gregory’s  Conspectus,  published  before  1780,  will 
easily  learn  that  this  mode  of  division  is  neither  new  nor  profound.  The 
novelty  and  beauty  of  Bichat’s  writings  on  this  subject,  lie  in  the  many 
unnoticed  properties  of  the  sympathetic  nerve,  which  he  has  discovered 
or  collected. 

Since  the  publication  of  our  author’s  second  edition  in  French,  an  able 
work  on  the  nervous  sysem  of  the  vertebrata,  by  himself  and  ]\I.  Desmou- 
lin,  has  arrived  in  this  country.  I find,  that  except  the  zoological  part, 
much  of  which,  though  foreign  to  our  subject,  is  to  be  found  embodied  in 
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the  tables  of  that  name,  at  the  end  of  the  present  translation  ; the  ad- 
ditions in  that  work,  regarding  the  physiology  of  man,  may  be  reduced  to 
the  following  heads. 

1.  The  transmission  of  sensation  and  motion  is  made  by  the  surface  of 
the  spinal  marrow,  and  not  by  its  central  parts.  II.  552. 

2.  The  sources  of  sensation  and  motion,  do  not,  as  Flourens  imagined, 
reside  in  the  brain  and  cerebellum  respectively  : it  having  long  since  been 
proved  by  Le  Gallois,  that  sensation  and  motion  are  communicable  from 
any  section  of  the  spinal  marrow  alone,  after  decapitation.  556. 

3.  The  consciousness  of  all  sensation,  except  sight,  resides  in  that  part 
of  the  superior  cord  of  the  medulla,  into  which  are  implanted  the  roots  of 
the  fifth  pair. 

4.  Vomiting  from  an  emetic  may  be  repressed,  by  compressing  the 
fourth  ventricle  at  the  origin  of  the  eighth  pair.  564. 

Volition  and  consciousness  are  different  phenomena,  and  reside  in  dif- 
ferent parts  of  the  same  brain,  and  differently  in  different  animals.  566. 

5.  The  seat  of  mocion  in  reptUes  is  not  in  the  cerebellum,  but  in  the 
fourth  ventricle.  577.  But  Flourens  mistook  the  compression  of  san- 
guineous clots,  which  produces  apoplexy,  and  consequently  immobility, 
for  the  effect  of  the  removal  of  the  lobes. 

6.  The  number  and  the  perfection  of  the  intellectual  faculties  in  the 
series  of  species,  and  in  individuals  of  the  same  species,  are  in  proportion 
to  the  extent  of  the  cerebral  surface.  But  this  surface  is  not  expressed 
by  volume,  but  by  the  depth  and  number  of  the  convolutions  of  the  brain. 
Pp.  595,596-606.  This  was  also  the  opinion  of  Dr  Charleton,  and  of  Hal- 
ler, El.  Phys.  iv.  pp.  14,  402. 

7.  There  is  no  relation  between  the  quantity  of  this  convolution  of  the 

cerebral  surface,  and  the  extent  or  figure  of  the  cranium  or  brain  case. 
Examination  instituted  upon  a living  being,  independently  even  of  the  ex- 
perience of  the  faculties,  whether  with  regard  to  the  figure  of  the  craniuim 
or  the  difference  of  its  area  compared  to  the  area  of  the  face,  can  teach 
nothing  of  the  nature  of  this  convolution  ; that  is,  of  the  propertion  of  in- 
telligence, which  has  no  other  measure  than  the  extent  of  the  folding  it- 
self. 608.  “ It  has  been  shown.  Book  I.  that  the  exterior  projections 

of  crania  correspond  not  to  their  internal  concavities.”  609. 

8.  The  specific  gravity  of  the  brain,  1031,  is  constant  in  all  the  states 
or  ages  of  life,  and  that  of  the  white  and  grey  matter  is  always  the  same. 
While  all  the  other  tissues  waste  or  change  by  disease  or  age,  the  nervous 
system  remains  unchanged.  “ In  states  of  over-excitement,  therefore,  of 
the  nervous  system  during  convalescence,  and  in  temperaments  which  we 
name  nervous,  the  powers  of  the  nervous  system  are  not  diminished,  as 
physicians  lalsely  suppose  ; on  the  contrary,  they  predominate  with  an 
energy  which  tlie  other  tissues,  particularly  that  of  the  muscles,  no  longer 
balance.  In  consequence,  physicians,  with  their  anti-spasmodics,  their 
pretended  composing,  nervine,  &c.  medicaments,  which  are  aU  energetic 
stimulants,  aggravate,  without  doubt,  the  evils  which  they  imaghie  they 
.cure.”  623. 
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9.  The  least  compression  of  the  cerebral  lobes  produces  coma.  627. 
Even  the  clots  of  blood  formed,  in  the  experiments  of  Flourens,  in  which 
he  removed  the  lobes,  so  far  induced  this,  as  to  lead  him  to  believe,  that 
these  were  the  exclusive  seat  of  volition,  intelligence,  and  sensation.  627. 

10.  The  lobe  of  the  fourth  ventricle,  where  the  consciousness  of  sensa- 
tion resides  in  the  mammalia  ; and  also  the  will,  or  the  faculty  of  being  de- 
termined,  in  reptiles  and  fishes,  enjoying  an  exquisite  sensibility  : and  the 
cerebral  lobes,  in  which  all  inductions  prove,  that  the  faculties  of  under- 
standing and  instinct  reside,  being  altogether  insensible  : it  follows,  that  to 
fed,  and  to  think,  are  different  phenomena,  since  they  depend  upon  the 
action  of  two  organs,  of  which  the  properties  are  contrary,  the  structure 
different,  and  the  relative  distance  so  great.  Every  metaphysical  sys- 
tem deduced  from  the  unity  of  these  two  faculties,  must  be  false  in  its 
first  principles. 

1 1.  The  nerves  of  sense  have  the  same  structure  as  the  nerves  of  mo- 
tion, and  the  one  of  these  two  functions  which  it  performs,  depends  en- 
tirely on  the  tissue  upon  which  it  is  distributed.  But  they  have  different 
origins  : all  the  nerves  of  sense  originating  from  the  lobe  of  the  fourth 
ventricle,  and  the  posterior  aspect  of  the  medulla  spinalis.  639. 

12.  The  retina  in  man  is  entirely  void  of  sense,  as  M.  Magendie  has 
ascertained  during  the  depression  of  cataract.  672. 

1 3.  The  motor  nerve  of  the  iris  is  the  third  pair,  the  same  nerve  sup- 
plies the  inferior  oblique  which  turn  up  the  white  of  the  eye  ; both,  na- 
turally, involuntary  actions.  This  nerve,  and  the  fourth  and  sixth,  are  to- 
tally insensible  : they  exist  only  in  animals  which  have  an  optic  nerve. 

14.  A complete  division  or  wound  of  the  crus  cerebelli  throws  the  eye 
of  the  affected  side  downwards  and  forwards  ; that  of  the  contrary  side, 
upwards  and  backwards.  699. 

15.  The  fifth  pair  is  an  organ  necessary  to  all  and  each  apparatus  of 
sense  in  the  exercise  of  its  functions  : but  stiU  there  are  cases  in  which  it 
is  only  accessory,  or  even  has  its  place  supplied  by  another  nerve  ; best 
proved  by  dividing  the  fifth  pair  within  the  cranium.  It  is  thus  found 
to  be  the  immediate  organ  of  all  the  senses  except  sight  : to  this  it  is 
merely  an  accessory. 

16.  The  action  of  the  posterior  portion  of  the  fourth  ventricle  is  al- 
ways in  correspondence  with  that  of  the  eighth  pair.  Hence  this  ven- 
tricle in  asthmatic  affections,  free  of  pectoral  disease,  may  perhaps  exhibit 
after  death  some  trace  of  alteration.  754. 

17.  The  respiratory  movements  of  the  animal  musclés,  constitute  that  har- 
monious play  of  actions  which  present  themselves  in  vehement  respiration. 

The  physiognomical  movements  are  such  as  start  forth  on  any  sudden  emo- 
tion,  such  as  terror  unexpectedly  excited. 

Both  these  systems  of  motion  are  involuntary,  though  susceptible  of  be- 
ing influenced  or  imitated  by  the  wUl.  They  are  not  derived  from  a par. 
ticular  order  of  muscles,  but  from  a certain  order  of  nerves  which  animate 
some  muscles,  which  are  the  common  instruments  of  a great  many  other 
motions. 
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These  nerves  are, 

1.  The  facial,  portio  dam  of  the  seventh  pah'. 

2.  The  superior  external  respiratory  nerve,  or  accessory  of  Willis. 

3.  The  inferior  external  respiratory  nerve,  or  ejeternal  phrenic. 

4.  The  internal  respiratory,  or  (internal)  phrenic  nerve. 

That  these  nerves  are  the  source  of  the  constancy  and  harmony  of  the 
respiratory  motions,  has  been  proved,  1,  by  direct  excitement  and  para- 
lyzation  of  the  nerves  themselves  ; 2.  by  pathological  phenomena  ; 3.  by 
comparative  anatomy.  785. 

18.  The  posterior  roots  of  the  spinal  nerves  are  much  the  largest  ; and 
destined  for  sense  ; paining  when  irritated  : the  anterior  roots  are  small, 
without  pain  when  irritated — and  are  the  proper  nerves  of  motion.  In 
general,  nerves  of  sense  are  five  or  six  times  the  size  of  nerves  of  motion. 
Thus  the  exciting  nerve  of  all  the  muscles  of  the  elephant’s  trunk,  is 
smaller  than  that  which  is  distributed  to  the  tactile  extremity  of  that 
organ.  783.  In  fact,  the  quantity  of  nerve  diminishes  as  the  buUc  of  the 
animal  increases  ; and  in  this  ratio  the  mass  of  its  muscles  increases  ; but 
stiU  farther  in  a denser  medium. 

These  are  the  additions  which  I find  worth  bringing  from  the  work  of 
Desmoulin,  as  being  new,  or  illustrating  the  text  above  ; and  that  author 
takes  his  oath  they  are  all  true  ! “ II  faut  écrire  avec  sa  conscience,  en 

presence  de  Dieu,  dans  l’interet  de  la  vérité  : je  l’avais  déjà  fait  dans  ce 
livre.” — Pref.  viii. 

a,  P.  186.  The  account  of  the  action  of  the  muscles,  of  the  motions 
and  attitudes  of  the  human  body  here  given,  is,  generally  speaking,  exact, 
and  the  curious  will  find  more  extensive  disquisition  of  the  subject  in 
some  of  the  late  numbers  of  our  author’s  Physiological  Journal.  Many 
farther  details  may  be  obtained  from  Dr  Barclay’s  well-known  work  on 
muscular  motion  ; though  the  subject  is  not  exactly  a wasting  of  time, 
yet  all  authors  who  take  it  up  will  do  well  to  be  brief.  The  fiexions  and 
extensions  of  the  limbs  of  a pasteboard  dancing-master,  the  bawling  and 
re-hawling  of  the  ropes  of  a ship,  and  the  contraction  and  relaxation  of 
animal  muscles,  are  all,  from  the  extreme  similarity  of  their  individual 
processes,  utterly  incapable  of  long  maintaining  an  interest  in  ordinary 
minds.  As  one  pack-thread,  rope,  or  muscle  acts,  so  do  aU  act,  and  the 
solitary  variety  afforded  by  the  different  hard  or  barbarous  names  of  ob- 
jects which  are  all  so  like  each  other,  affords  but  a moment’s  refreshment 
to  the  spirit,  wearied  and  disgusted  as  it  is  with  the  eternal  sameness  of 
expressions  and  ideas  which  it  is  compelled  to  repeat  incessantly  in  this 
study. 

a,  P.  204.  That  sleep  is  much  influenced  by  the  state  of  the  nutritive 
and  generative  functions,  as  here  assumed  by  the  author,  there  is  no  rea- 
son to  dispute  ; but,  since  it  is  much  more  constantly  influenced  by  the 
state  of  the  functions  of  relation,  to  separate  it  from  these  for  the  lesser 
reason,  as  M.  Magendie  has  done  here,  seems  fanciful.  He  has,  however, 
wisely  placed  death  immediately  after  its  half-brother,  sleep  ; so  that,  to 
a person  who  reads  the  work  merefr  for  information,  the  arrangement 
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seems  sufficiently  natural.  Indeed,  physiology  recognises  no  insulated 
function  ; all  are  subject,  more  or  less,  to  the  influence  of  others  ; and  it 
may  be  fairly  questioned,  whether  their  history  would  not  be  much  bet- 
ter delivered  in  the  independent  form,  where  the  writer  freely  supposes 
all  the  previous  functions  known,  than  under  the  trammels  of  any  ar- 
rangement  whatever,  since  it  is  common  to  them  aU  to  assume  that  part 
only  of  the  science  to  be  known  which  has  preceded.  Method  does,  in- 
deed,  prevent  repetition  to  a speaking  teacher,  whose  time  is  limited  ; 
but  to  a writer,  professing  to  convey  the  fulness  of  knowledge  to  his 
reader,  it  imposes  the  impediment  just  stated,  of  which  the  present  is  an 
instance. 

a,  P.  229.  The  above  case  of  H.  R ss  proves  clearly  that  the  saliva 

flows  in  consequence  of  a sympathy  subsisting  between  the  glands  which 
secrete  it,  and  the  stomach.  (See  p.  560.) 

Our  author  must  surely  be  mistaken  in  his  quotation  of  animal  matter 
at  p.  232.  Pepys  makes  the  cartilage  20  per  cent.,  and  in  this  he  coin- 
cides with  Mr  Hatchet,  Phil.  Trans.  1799,  p.  328.  A tooth  macerated 
in  acid  till  nothing  more  is  given  out,  still  retains  its  original  size  ; — 
doubtless  a cartUage  of  this  bulk  must  have  a more  considerable  weight 
than  that  assigned  it  in  the  text. 

a,  P.  235.  The  saliva,  from  the  mucus  it  contains,  absorbs  oxygen 
from  the  atmosphere  ; but  the  air  here  alluded  to  is  held  imprisoned  in 
the  bubbles  formed  in  the  saliva  by  the  motion  of  the  tongue  and  cheeks, 
the  viscidity  of  which  fluid  prevents  their  thin  walls  from  collapsmg. 
This  is  the  foam,  or  froth,  seen  in  the  mouth  of  irritated  animals  or  men  : 
also  in  epilepsy,  apoplexy,  loud  babbling  speakers,  or  where  the  tongue 
is  too  large  for  the  mouth.  In  idiots,  the  saliva  flows  out  of  the  mouth, 
but  it  is  seldom  spumous,  except  when  they  are  excited.  The  mere 
champing  of  the  bit  forms  it  in  the  horse. 

Note  to  258.  ]M.  Adelon,  Phys.  de  V Homme,  vol.  ii.  gives  some  ex- 

periments contrary  to  those  here  cited,  respecting  the  division  of  portions 
of  the  brain  ; but  our  author  seems  to  be  in  the  right. 

a,  P.  224,  3C1.  See  some  valuable  observations  on  this  subject,  in  the 
physiology  of  M.  Adelon. 

a,  P.  321  and  361.  To  the  arguments  bearing  on  lymphatic  absorp- 
tion, here  delivered,  a few  others  may  be  added. 

In  doing  this,  we  shall  not  deviate  from  the  laudable  brevity  of  our 
text.  It  must,  however,  be  premised,  that  all  parties  are  agreed  on  two 
points  : first,  that  the  cutis  vera  enjoys  a very  high  absorbent  power  : 
secondly,  that  the  internal  surface  of  the  lungs,  whether  covered  or  not 
with  a thin  cuticle  (Bicli.  Anal.  Gen.  ii.  764.),  possesses  the  same  faculty 
in  an  eminent  degree. 

It  follows  from  these  two  principles,  that,  in  order  to  ascertain  the  ab- 
sorption of  a substance  brought  in  contact  with  the  cuticle,  it  must  be 
determined  whether,  instead  of  being  drawn  in  through  the  cuticle,  it 
may  not  in  reality  have  been  inhaled  by  the  absorbing  vessels  of  the  pul- 
monary surface,  or  by  those  of  the  true  skin.  Should  it  have  had  an  oppor- 
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tunity  of  passing  through  either  of  the  latter  systems,  the  mere  absorption 
of  any  matter  can  afford  no  proof  of  Epidermic  inhalation,  which  is  the  true 
question  at  issue.  In  order  to  investigate  this  point,  M.  Seguin  devised 
a very  simple  experiment.  He  dissolved  muriate  of  mercury  in  water, 
and  found  that  the  mercury  produced  no  effect  upon  the  person  that 
bathed  in  the  water,  provided  no  part  of  the  cuticle  was  injured  : but 
upon  rubbing  off  a portion  of  the  cuticle,  the  mercurial  solution  was  ab- 
sorbed, and  the  effects  of  the  mercury  became  evident  upon  the  body, 
labouring  at  the  time  under  the  venereal  poison.  The  cuticle,  then, 
does  not  absorb  this  solution  ; the  cutis  vera  absorbs  it  freely.  In  order 
to  render  this  experiment  more  complete,  it  should  be  repeated  with 
every  substance  supposed  to  be  absorbable  by  the  cuticle.  It  is  an  ex- 
perimentum  crucis  ; since  it  separates  from  the  idea  of  superficial  absorp- 
tion, the  epidermis,  and  demonstrates  the  constant  connexion  of  the  true 
skin  with  this  office  *. 

A similar  experimentum  crucis  was  instituted  by  Dr  Klapp,  and  also  by 
Dr  Dangerfield,  both  Americans,  in  order  to  determine  the  share  of  the 
pulmonary  membrane  in  superficial  absorption  of  volatile  substances. 
They  immersed  the  arm  in  oil  of  turpentine  for  twenty  or  more  minutes, 
and  on  examination  the  urine  was  now  found  to  exhibit  the  weU  known 
signs  of  the  presence  of  turpentine  in  the  system.  Even  remaining  for  a 
time  in  the  same  room  with  the  oil  of  turpentine,  produced  the  same 
effect.  They  now  repeated  the  experiment,  after  a sufficient  interval, 
with  this  difference,  that  the  arm  was  passed  into  the  vessel  containing 
the  OÜ,  through  an  air-tight  aperture  in  a door,  so  contrived  that  the 
experimentalist  could  not  receive  any  of  the  vapour  of  the  volatile  sub- 
stance into  his  lungs.  After  persevering  in  this  position  for  half  an  hour, 
the  urine  exhibited  no  change  whatever.  Hence  they  conclude,  that  in 
the  former,  and  all  similar  cases,  the  turpentine  must  have  entered  the 
system  by  the  pulmonary  membrane. 

As  these  and  the  foregoing  experiments  were  formerly  made,  and  with 
substances  not  by  any  means  unfavourable  to  the  theory  of  epidermic 
inhalation,  but  which  may  very  well  represent  the  fixed  and  volatile 
bodies  yet  untried,  the  question  may  be  considered  as  at  rest  with  re- 
spect to  simple  cuticular  absorption  ; at  least  tiU  these  experiments  have 
been  contradicted.  See  Seguin,  Medecine  Eclairée,  iii.  238.  Klapp,  Chem. 
Phys.  (1805).  Dr  Kelly,  in  Edin.  Med.  and  Surg.  Journal,  April  1805. 
Dr  Nathan  Young's  Thesis  de  Cutis  Inhalatione,  Edin.  1818.  The  two 
latter  authors  have  defended  the  cutaneous  absorption  with  much  ability. 


* Xnstantiarum  crucist*  says  Bacon,  ratio  talis  tst.  Cum  in  inquisitione naturæ  ali- 
cujus,  intellectus  ponitur  tanquara  in  æquilibrio,  ut  incertus  sit,  utri  naturarum  e duabus,  vel 
quandoque  pluribus,  causa  naturæ  inquisitæ  attribui  aut  assignari  debeat,  propter  complu- 
rium  naturarum  concursum,  frequentem  et  ordinarium  ; instantiae  crucis  y ostenduut  consor- 
tium UNIUS  EX  NATURIS  (quoad  naturam  inquisitara),  fidum  et  indissolubile  ; ALTE- 
RIUS  autem  varium  et  separabile:  unde  terminatur  quæstio,  et  recipitur  natura  ilia  prior 
pro  causa,  missa  altera  et  repudiata.  Itaque  hujusmodi  instantiæ  sunt  maximæ  lucis,  et 
quasi  magnæ  auctoritatis,  &c. — Translate  vocabulo  a crucibusy  quæ  erectæ  in  biviis,  indicant 
et  signant  viarum  separationes.” — Not*.  Org.  ii. 
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Though,  from  having  been  present  at  them  all,  I can  vouch  for  the  good 
faith  with  which  the  experiments  of  Dr  Young  were  performed  ; yet  it 
may  certainly  be  objected  to  them,  that  the  passage  by  the  nostrils  was 
open  during  their  progress  : though  this  is  merely  a possible  source  of 
fallacy.  It  is  much  more  likely  that  his  and  most  other  experiments, 
supposed  to  prove  cutaneous  absorption,  are  correct  in  their  details,  and 
that  their  true  explanation  is  to  be  found  in  the  capUlary  porosity,  or 
sponginess  of  the  epidermis,  by  which  a considerable  addition  must  be 
made  to  our  weight  every  time  we  enter  the  bath.  The  simple  imbibi- 
tion of  15  square  feet  of  porous  surface  must  always  be  considerable; 
still  more  when  aided  by  the  high  temperature  at  which  the  bath  is  com- 
monly entered. 

Nay,  the  occasional  penetration  of  mercury,  sulphur,  cantharides,  &c. 
through  the  cuticle  by  friction,  or  otherwise,  is  subject  to  a similar  ex- 
planation. If,  in  solution,  they  soak,  in  the  progress  of  long  maceration, 
thiough  the  whole  thickness  of  the  cuticle;  Avhen  arrived  at  the  cutis 
vera,  what  forbids  their  now  entering  its  absorbents,  in  the  same  way  as 
they  would  after  inoculation  ? Besides,  the  violence  of  friction,  or  the 
chemical  activity  of  their  own  nature,  may  often  force  substances 
through  the  cuticle  which  would  not  have  reached  it  by  simple  imbibi- 
tion. Hence  in  mercurial  friction,  it  often  becomes  necessary  to  in- 
crease the  force  employed,  and  even  to  soften  the  too  dense  cuticle,  by 
soaking  it  with  soap  and  water — a process  which  could  only  operate  un- 
favourably on  the  orifices  of  lymphatics  did  they  open  upon  that  surface. 
Lastly,  by  far  the  greater  number  of  proofs  advanced,  depend  not  on 
superficial,  but  on  pulmonary  absorption  ; a fact  now  well  known  to  the 
jockeys  of  Newmarket.  Captain  Bligh’s  instance  is  merely  one  of  nume- 
rous examples  which  might  be  quoted,  of  the  sympathy  subsisting  be- 
tween the  skin,  and  its  continuation  into  the  fauces,  oesophagus,  and 
stomach. 

The  fact,  then,  of  cuticular  absorption  may  be  stated  as  follows  : The 
cuticle  has  no  absorbing  orifices  opening  on  its  surface,  and  the  substances 
Idtherto  supposed  to  be  taken  up  by  these,  really  make  their  way  into  the  body,  by 
the  action  of  the  absorbing  vessels  of  the  lungs  and  cutis  vera  ; yet,  from  the 
imbibing  faculty  common  to  the  cuticle  with  dead  or  inorganized  matter,  many 
substances  may,  by  long  maceration  or  external  violence,  a pas- 
sage through  it  to  the  absorbing  orifices  of  the  cutis  vera,  without  any  laceration 
of  the  cuticle  being  visible.  This  seems  also  to  be  Adelon’s  opinion,  ubi  su- 
pra. It  may  be  added,  «that  M.  Chaussier  poisoned  rabbits  by  exposmg 
their  skins  only,  closely  shaved,  in  a proper  apparatus  to  the  action  of 
sulphuretted  hydrogen  gas.  Adelon,  iii.  p.  14 Delaroche  and  Be}-.  Me- 

moir, ^c.  M.  Edwards,  in  his  Agens  Physiques,  has  indeed  endeavoured 
to  prove  that  the  skin  of  all  animals  is  constantly  inhaling  and  exhaling  ; 
but  as  his  experiments  were  almost  exclusively  confined  to  the  cold- 
blooded animals,  and,  indeed,  to  the  Batrachian  family,  nothhig  can  be 
inferred  from  them  with  regard  to  man  : and  in  the  whole  twenty-two 
pages,  345  to  367,  dedicated  to  their  application  to  man,  nothing  oc- 
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curs  to  shake  in  the  least  the  experiments  and  conclusions  above  de- 
livered. 

a,  P.  326.  The  retrograde  motion  of  the  fluids  naturally  contained  in 
the  lymphatics,  on  making  their  way  thither  by  the  ordinary  process  of 
absorption  fi-om  cavities, — ^is  a question  that  has  been  agitated  at  very 
different  times,  and  with  a prospect  to  very  different  theories.  Inde- 
pendently of  any  of  these,  and  simply  as  an  anatomical  fact,  regurgita- 
tion has  been  obseiwed  by  good  authors,— as  by  Nicolaus  Steno  himself, 
— in  the  inguinal  lymphatics  of  a dog,  anno  1662,  and  by  Cowper,  Keill, 
and  others,  and  air  was  retropulsed  over  all  the  lymphatic  system,  from 
the  receptaculum  chyli,  by  ISIarchettis.  The  occasional  occurrence  of  the 
event,  during  experiments  on  the  dead  body,  is  attested  by  HaUer  (El.  i. 
252),  and  many  other  eminent  persons.  Lymph,  taUow,  and  quicksilver, 
as  well  as  air,  being  found  to  proceed  backwards  in  the  lymphatics  (just 
as  in  the  veins),  when  impelled  by  force,  the  only  remaining  question  is, 
whether  this  jrhenomenon  takes  place  during  life,  in  health,  or  only  in 
disease  ? 

Bilsius,  a mayor  of  the  little  fortified  town  of  Ardenburg,  near  Sluys, 
entered  upon  this  property  of  the  lymphatics  as  early  as  1658,  in  his 
“Gebruyk  van  de  Gylbuys,”  (Use  of  the  Chyle-Ducts),  printed  at  Rot- 
terdam. He  maintained,  that,  “ From  the  receptaculum  chyli,  as  from 
another  heart,  lymphiferous  vessels  proceeded  to  aU  parts  of  the  body. 
Of  these,  some  go  to  the  lungs,  some  to  the  pericardium,  and  prepare  its 
secretion.  The  chief  of  these  branches,  called  the  thoracic  duct,  winds 
in  a sort  of  labyrinth  around  the  jugular  and  axillary  vein,  sending  a 
branch  into  the  vena  cava,  and  transmitting  by  it  a ferment  to  the 
heart.” 

The  Letters  of  Bartholin  (cent.  ii.  and  iii.),  are  full  of  the  controversy 
excited  by  this  strange  doctrine,  which  is  totally  overthrown  by  the  well- 
known  effect  of  the  ligature.  A ligature,  applied  to  any  lymphatics 
causes  them  to  swell  beyond,  and  not  between,  the  seat  of  obstruction  and 
the  thoracic  duct.  Nevertheless,  as  long  as  the  doctrine  was  thought  to 
give  countenance  to  the  concoctive  powers  of  the  liver,  it  did  not  want  sup- 
porters in  Deusing,  Zass,  Everard,  and  Jourdan.  It  expired  with  the 
life  of  the  author,  who,  from  aU  accounts,  seems  to  have  been  quite  il- 
literate, though  of  noble  birth. 

The  next  systematic  attempt  to  restore  retrogression,  was  made  by 
Dr  Charles  Darwin,  in  an  inaugural  dissertation,  A.  D.  1780.  It  is  to  be 
found  in  the  well-known  Zoonomia  of  his  father,  under  the  present  title, 
and  we  may  therefore  merely  note,  that,  though  Darwin  had  the  advan- 
tage of  more  distinct  and  systematic  ideas  regarding  the  origin  of  the 
lymphatics  than  were  attainable  in  the  age  of  Bilsius,  yet  he  has  not 
been  more  successful  in  establishing  retrograde  motion.  His  arguments 
are  scarcely  anatomical,  being  almost  all  derived  from  phenomena  that 
admit  of  other  and  better  explanations.  Thus,  he  instances  the  fact  of  a 
gentleman,  who  swallowed  asparagus  and  nitre,  being  able  to  distinguish 
these  substances  in  the  urine,  but  not  in  the  blood.  And  from  this  very 


4 


NOTES. 


575 


ordinary  occürrence  he  infers,  that  substances  received  into  the  stomach 
find  their  way  to  the  bladder  by  another  route  than  the  circulation,  and 
consequently  get  there  by  a retrograde  movement  of  the  lymphatics.  He 
forgets,  that  what  may  be  a very  appreciable  quantity  in  a few  ounces  of 
urine,  (which  fluid  he  examined,  because  asparagus  and  nitre  are  diuretic, 
and  pass  off  with  it),  may  be  so  no  longer  to  his  rude  tests,  in  a mixed 
tenacious  mass,  like  the  blood,  measuring  thh'ty  or  forty  pounds;  and  that, 
in  physiology,  negatives  require  to  be  long  established  before  they  are  ad- 
mitted to  prove  any  thing.  The  same  remarks  have  no  doubt  been 
made  against  his  other  arguments,  for  they  have  been  long  since  for- 
gotten. 

But  his  father,  in  the  Zoonomia,  emplo3^s  this  retrograde  motion  of  the 
lymphatics  sometimes  as  a topical,  sometimes  as  a general  error  of  that 
system,  to  explain  the  phenomena  of  disease.  It  was  probably  from 
hence  that  some  late  French  theorists  assumed  the  retrograde  motion  of 
a specific  poison  in  these  vessels  as  the  proximate  cause  of  plague. 
This,  though  a still  more  recent  hypothesis,  has  also  passed  into  obli- 
vion. 

a,  P.  331.  Our  author  has  here  been  betrayed  into  an  error,  which, 
however,  was  too  positively  stated  in  the  text  to  be  corrected  there. 
His  numbers,  representing  the  specific  caloric  of  arterial  and  venous 
blood,  are  evidently  taken  from  the  paper  of  Dr  J ohn  Davy  on  that  sub- 
ject, in  the  Philosophical  Transactions  for  1812.  (See  Davy’s  later  pa- 
pers.) But  he  has  not  taken  the  mean  of  the  experiments  their  detailed, 
which  makes  the  capacity  of  arterial,  to  the  capacity  of  venous  blood,  as 
900  to  872.  In  the  1st  experiment,  it  was  934  to  921  ; in  2d,  814  to  812; 
in  3d,  913  to  903  ; in  4th,  839  to  852.  M.  Magendie  has  preferred  the 
first  experiment,  but  inverted  the  numbers. 

b,  P.  331.  Nothing  more  happily  Ulustrates  the  glorious  uncertainty 
of  physiological  experiment,  than  the  diversities  that  have  prevailed  at 
all  times  respecting  the  thermometrical  heat  of  the  blood.  Magendie’s 
temperature  of  venous  blood  here,  with  more  precision,  is  101°.75  F.,  or 
31°  of  Ileaumur.  Dr  Pitcairn  stated  this'  heat,  which  is  nearly  synony- 
mous with  the  heat  of  the  body,  at  90°  ; Boerhaave,  first  at  92°,  after- 
wards at  94°.  (Chem.  I.  415.)  Fahrenheit  himself.  De  Haen,  and 
Rutty,  at  95°,  96°  ; Newton  at  97°  ; Martin  at  98°  ; and  this  is  the  num- 
ber commonly  marked  on  thermometers  at  present.  Maty  and  Wilson 
bring  it  up  to  99°.  Dr  Corden  Thomson  says  99°.  5,  and  venous  blood  he 
places  about  100°.  (Temp.  p.  72,  73.)  The  same  accurate  and  judici- 
ous author  found  the  heat  of  the  thigh  and  scrotum  100°  F.  after  walking 
in  a hot  day.  Once  for  all  I may  mention,  that  he  is  the  highest  autho- 
rity I know  of  upon  human  temperature.  Of  ten  experiments  upon  his 
urine,  the  lowest  of  which  gave  9S°.5,  the  highest  99°.75,  the  mean 
measure  was  99°.25  F.,  which  may  be  taken  as  a very  fair  measure  of  the 
heat  of  the  human  body  ; and  from  experiments  upon  the  blood  itself, 
and  the  blood  and  cavities  of  the  heart  in  animals  killed  by  prussic  acid 
(which  does  not  disturb  the  circulation),  it  appears,  and  it  was  long  ago 
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stated  by  Haller  (Auctar.  lib.  iv.  p.  16),  that  the  interior  of  the  left  ven* 
tricle  and  its  blood  is  about  one  degree  higher  : which  approaches  so  near 
the  number  of  our  author  as  (99.25+1),  or  101°.25  to  101°.75F.,  and  may 
therefore  be  esteemed  the  precise  measure  of  the  heat  of  the  blood  in  the 
circulation.  The  following  are  a few  of  the  many  causes  of  that  strange 
diversity  we  have  remarked  among  the  first-rate  authors. 

1.  Fahrenheit  and  the  older  physicians  employed  a thermometer  in 
this  experiment  (Thoms.  App.),  which  did  not  mark  heats  higher  than 
96®.  They  could  not,  consequently,  give  a higher  number  than  they  had 
thus  indicated. 

2.  A thermometer  continues  to  rise  for  ten  or  fifteen  minutes  after 
its  insertion.  Writers  have  seldom  allowed  it  more  than  the  third  of 
this  time. 

3.  A thermometer,  like  a catheter,  should  be  warmed  to  about  96°, 
before  it  is  inserted  in  the  body  or  its  fluids,  otherwise  the  cold  it  com- 
municates to  the  surrounding  parts  lessens  the  number  of  degrees  shown 
by  them.  Warm  water  was  employed  for  this  purpose  by  Thomson. 

4.  Many  authors  have  confounded  the  heat  of  animals  with  the  heat  of 
man  ; but  the  dog,  rabbit,  cat,  and  other  domesticated  quadrupeds,  have 
their  heat  three  or  four  degrees  higher  than  the  human  race. 

5.  Exercise  increases  corporeal  heat.  Hence  the  bodies  of  persons 
sleeping,  and  of  infants  and  apoplectics,  have  been  falsely  supposed  to  be 
colder  than  the  standard. 

6.  Exercise  not  only  raises  the  heat  of  the  whole,  but  of  parts  ; and 
hence  many  erroneous  statements  of  the  difterent  heat  of  different  parts 
of  the  body. 

7.  Experiments  made  in  the  armpits,  or  under  the  tongue,  must  al- 
ways be  under  the  standard,  because  the  instrument  is  always  in  contact 
with  cool  air,  and  subjected  to  the  process  of  evaporation.  Hence  the 
rectum  and  scrotum,  in  which  the  efficient  part  of  the  instrument  may 
be  fairly  surrounded,  and  embraced  by  the  parts  in  contact,  always  mark 
nearest  the  internal  standard.  But  physiologists  have  confounded  all 
these  differences. 

8.  Many  instruments  have  compressible  bulbs.  The  errors,  however, 
have  generally  been  in  an  opposite  direction. 

If  any  one  ask,  why  take  all  this  trouble  to  ascertain  one  fact  ? I an- 
swer, it  is  disgraceful  for  men  of  science  to  differ  so  widely  upon  a 
question  that  can  be  so  easily  determined. 

a,  P.  339.  See  page  354,  et  seq. 

b,  P.  339.  See  Note  c,  infra,  p.  420. 

a,  P.  350.  Be  it  known,  however,  that  though  HaUer  adhered  to  the 
absorbing  power  of  the  veins,  he  also  admitted  that  faculty  in  the  absor- 
bents. “ Haec  omnia  admitto,  neque  recuso  vasa  lymphatica  esse  resor- 
bentium  vasorum  systema,  quae  de  ceUulosa  tela  et  de  magnis  caveis  li- 
quorem  sorbeant,  neque  ea  ab  arteriis  continuantur  : — haec  quae  ohm 
Glissonii,  nuper  J.  Hunteri,  A.  Monroi,  et  Gulielmi  Hewson,  theoria 
est.”  Auct.  III.  33. 
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Haller,  then  (for  his  authority  is  the  highest),  agreed  with  Magendie 
in  admitting  venous  absorption.  He  agreed  with  his  antagonists,  the 
Hunters  and  Monros,  in  allowing  the  absorption  by  lymphatics,  but  de- 
nying the  continuation  of  these  from  arteries.  HaUer’s  is  the  most  ra- 
tional  doctrine. 

a,  P.  351.  The  beautiful  experiment  here  related  by  our  author  might 
easily  be  repeated  so  as  to  avoid  a serious  objection.  It  is  urged,  that 
the  thrusting  or  forcing  the  poison  into  the  paw  of  the  animal  could  not 
be  effected  without  penetrating  many  small  veins,  which  might  thus  re- 
ceive of  a poison,  so  fatal  as  the  upas,  a sufficient  quantity  into  their  cavi- 
ties, by  inoculation,  to  produce  death  ; in  short,  that  the  experiment,  by 
the  mode  of  inserting  the  poison,  reduces  itself  to  a mere  venous  injection. 
To  avoid  this,  the  cuticle  alone  ought  to  be  removed,  or,  at  most,  the 
true  skin,  and  the  experimentalist  to  content  himself  with  simply  apply- 
ing the  poison  to  the  undefended  surface. 

a,  P.  361.  See  page  319,  and  the  Notes,  pages  571,  572,  573. 
a,  P.  368.  This  is  not  a very  correct  view.  The  margins  of  the  sig- 
moid valves  are  not  convex,  as  a circular  figure  presents  them,  but  con- 
cave outwards,  like  the  Greek  letter  C inverted,  whence  the  name  of  sig- 
moid valve.  They  are  properly  represented  in  Bell’s  Anatomy,  and  by 
Senac,  Traité  du  Cœur,  passim.  Two  sigmas  meeting  back  to  back  form 
a point,  and  at  this  point  is  placed  the  sesamoid  body. 

a,  P.  378.  The  author  here,  and  in  the  Note  subjoined,  has  imperceptibly 
passed  from  the  mobility  of  the  ribs,  as  ribs,  to  the  mobility  which  they 
derive  merely  from  their  mode  of  articulation.  If  he  consider  this  latter 
only,  it  is  clear  that  he  thinks  and  speaks  of  them  as  no  one  else  does  ; 
and  his  paradox,  therefore,  is  merely  addressed  to  himself.  But  if  he 
means  to  say,  that  the  first  rib,  at  equal  distances  from  the  spine,  does 
actually  ascend  as  high  as  the  ribs  below  it,  he  affirms  what  can  easily  be 
disproved  by  inspection  of  the  process  of  inspiration  in  any  lean  subject. 

a,  P.  379.  The  motion  of  the  ribs,  as  described  here  by  our  author,  is 
so  singular,  and  founded  on  such  slight  reasoning,  that  it  would  be  im- 
proper to  allow  it  to  pass  without  remark.  The  quantity  of  celerity,  or 
motion,  of  any  body,  whose  weight  is  given,  is  measured  by  the  space  it 
passes  through  in  a given  time  ; consequently  in  the  ribs,  by  their  rela- 
tive ascent  or  descent,  in  a given  time.  The  most  movable  point  of  each 
rib  lies  near  its  middle,  as  may  be  ascertained  by  a mere  inspection  of 
the  chest  of  a thin  man  or  animal  while  breathing  ; and  this,  therefore, 
is  the  point  at  which  the  relative  motion  of  one  rib  ought  to  be,  and  ge- 
nerally is,  compared  with  that  of  another.  Whoever  keeps  this  in  view, 
and  takes  the  trouble  to  inspect  the  inspiration  of  a lean  person,  or  still 
better,  the  inspiration  of  a person  whose  opposite  lung  is  hepatized,  will 
easily  satisfy  himself,  that  the  statements  delivered  in  the  text  as  Hal- 
ler’s, but  which  were  known  1500  years  ago,  are  still  correct;  that  the 
first  rib  is  the  most  immovable  of  the  upper  ribs,  and  that  their  mobility 
increases  as  we  descend  from  it.  I have  a suspicion,  however,  that  the 
three  lower  ribs  exhibit  less  motion  than  those  above  them,  decreasing  in 
motion  as  they  descend.  Our  author  indeed  is  right,  but  not  original,  in 
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stating  that  the  first  rib  has  some  mobility,  tor  the  same  opinion  is  con- 
stantly assumed  by  Haller  ; but  he  seems  to  conclude  too  much  from 
this,  and  to  confound  mobility  with  absolute  motion,  although  obviously 
two  very  different  things*.  As  to  his  notions  respecting  the  inadequacy 
of  the  intercostal  muscles  to  inspiration,  they  are  refuted  by  Galen’s  fa- 
mous experiment  (Admin.  Anat.  viii.  c.  3,  45),  in  which  he  suspended  res- 
piration by  dividing  the  intercostal  nerves,  and  which  was  afterwards  many 
times  repeated  by  Haller Mémoire  sur  la  Respiration,  in,  Opusc.  Minor. 

As  the  diffuse  and  somewhat  controversial  view  of  respiration,  deli- 
vered in  the  text,  may  rather  perplex  than  instruct  the  younger  part  of 
readers,  it  has  appeared  proper  to  condense  it  into  a form  which  may  be 
more  easily  retained  in  the  memory. 

Respiration  is  the  reciprocal  act,  by  which  air  is  received  into,  and 
again  expelled  from,  the  cavity  of  the  lungs.  A single  respiration  is 
therefore  divisible  into  two  parts,  inspiration  and  expiration  ; of 
which  the  sum,  or  one  respiration,  occupies  about  one-eighteenth  of  a 
minute,  or  about  four  pulsations  of  the  heart,  in  a man  whose  pulse  beats 
72  in  a minute.  This  is  equivalent  to  3i  seconds  : and,  as  the  time  of 
expiration  is  well  defined,  and  amounts  only  to  about  one-third  of  the 
whole  respiration,  we  shall  have  one  second  for  the  average  duration  of 
the  act  of  expiring,  two  seconds  for  that  of  inspiring,  and  about  one-third 
of  a second  for  the  very  evident  mora,  or  quiescence,  which  always 
takes  place  between  expiration  and  inspiration. 

It  is  to  be  understood,  however,  that  individual  differences  modify 
this  function  very  greatly  ; but  perhaps  not  much  more  to  the  one,  than 
to  the  other  extreme  from  this  medium  statement. 

These  three  states,  however,  of  inspiration,  expiration,  and 
QUIESCENCE,  are  aU  subject  to  three  common  modifications  with  respect 
tovehemency:  they  may  be  parts  of,  1.  Natural,  or  unobserved,  un- 
willed respiration  : 2,  Vehement,  or  willed  respiration  ; commonly  ac- 
companied by  some  muscular  effort,  in  one  or  more  remote  members  : 
3.  F ORCED,  or  contravoluntary  respiration,  in  which  neither  the  usual 
stimulus  of  air  and  black  blood  in  the  lungs,  nor  the  less  ordinary  in- 
fiuence  of  the  wUl,  but  some  remote,  or  unusual  cause,  determines  respi- 
ration. 

Respiration  again  is  considered  under  the  three  relations  of  its  mecha- 
nism, its  influence  on  chemical  agents,  or  on  animal  life  ; hence  it  is,  1.  Me- 
chanical ; 2.  Chemical  ; 3.  Vital.  It  is  evident  that  any  one  of  the  three  for- 
mer relations  of  respiration  to  its  exciting  cause,  may  also  be  considered 
susceptible  of  these  three  denominations. 

Thus  Natural  respiration  may  be  considered  either  as  mechanical, 
chemical,  or  vital. 

1.  The  mechanism  of  natural  inspiration  is  performed  by. 


* M.  Adelon,  a pretty  candid  judge  of  our  author’s  merits,  seems,  however,  not  unfavour- 
able to  his  views,  which  are  considerably  modified  in  the  last  French  edition  ; and  quotes  M. 
Bouvier  as  supporting  his  ideas  of  the  vertebro-costal  articulations, — Phys,  de  VHomme,  iii. 
202. 
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a,  Tlie  contraction  of  the  intercostal  muscles  ; which  raises  the  ribs  uji- 
wards,  projects  their  plane  outwards,  and  throws  the  sternum  forwards, 
augmenting  the  transverse  diameter  of  the  thorax  two  lines,  and  its 
depth  from  spine  to  sternum,  as  much. 

h.  The  contraction  of  the  diaphragm  ; by  which  either  the  centre  of 
that  organ  descends  perpendicularly,  or  a large  segment  of  its  dome  be- 
comes conical. 

In  either  example  the  thoracic  cavity  becomes  enlarged  ; but  five 
times  as  much  by  the  latter,  b,  as  by  the  former,  a : so  that  if  the  whole 
augmentation  is  20  inches,  a contributes  4,  6 16  solid  inches. 

2.  Natural  expiration  is  performed  by 

c,  The  abdominal  muscles. 

d,  The  elasticity  of  the  ribs,  cartilages,  muscles,  and  integuments  of 
thorax. 

e,  The  elasticity  of  mediastinum. 

/,  The  protrusion  of  the  bowels  upwards  in  the  dome  of  the  dia- 
phragm. 

ff.  The  contraction  of  the  parenchyma,  ligaments,  cartUages,  mem- 
branes, and  bronchial  muscles  of  the  lungs  themselves. 

A,  The  weight  of  the  parts  ; and,  as  some  think,  the  pressure  of  the 
atmosphere. 

These  forces  are  divided  into  the  living  or  muscular  forces  ; and  the 
dead,  or  mechanical  forces,  resulting  from  elasticity  or  gravity.  It  is  pro- 
bable, that  as  either  of  the  two  causes  of  inspiration  may  produce  that 
action  alone,  so  either  of  the  two  classes  of  causes  of  expiration  may  pro- 
duce the  latter  alone.  The  ascent  of  the  diaphragm  takes  away  about 
four-fifths  of  the  whole  inspiratory  increment  from  the  cavity  of  the  tho- 
rax, but  it  is  impossible  to  say  whether  the  living  or  the  dead  forces  con- 
tribute most  to  this  effect  ; for  it  seems  to  take  place  readily  in  preg- 
nancy, and  diseases  in  which  the  muscular  con,traction,  or  living  force, 
must  be  extremely  small.  This,  however,  in  natural  expiration,  seems 
the  act  of  the  abdominal  muscles  alone. 

Vehement,  or  willed  inspiration,  superadds  to  the  above  named  agents 
the  voluntary  muscles  which  fix  the  neck  and  pelvis,  and  connect  the 
thorax  with  these  two  adjoining  regions,  and  with  the  extremities.  Thus, 
the  muscles  of  vehement  inspiration  are. 


Diaphragma 

Intercostales 

Sterno-hyoideus 

Stei'no-thyroideus 

Scaleni 

Levatores  scapulæ 
Subclavii 


Cervicales  descendentes 
Platysmata  myoidea 
Pectorales  majores 
Pectorales  minores 
Serrati  magni  antici 
Levatores  costarum  Albini 
Serrati  postici  superiores. 


By  their  joint  action,  they  may  increase  the  natural  inspiratory  aug- 
mentation of  the  thorax  fi-om  five  to  seven  times. 

In  the  same  mannei",  vehement  expiration  superadds  to  the  above  de- 
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scribed  agents  various  other  muscles  : so  that  the  muscles  of  vehement  ex- 
piration are, — 


Obliqui  extemi 
Ohliqui  interni 
Transversales 
Sterno-costales 
Longissimi  dorsi 
Quadrat!  lumborum 


Recti  abdominis 
Pyramidales 

Serrati  postici  inferiores 
Depressores  costarum  veri 
Sacro-lumbales 
SeiTati  magni. 


In  vehement  respiration,  these  muscles,  no  doubt,  act  individually 
with  a force  compounded  of  their  general  efficacy  in  enlarging  the  chest, 
and  of  their  advantage  of  lever.  For  their  action  being  chiefly  volun- 
tary, the  most  effective  are  most  employed. 

Forced  respiration,  as  when  we  are  compelled  to  cough,  sneeze,  or 
yawn,  against  our  inclination,  calls  in  an  indefinite  number  of  muscles, 
according  to  the  particular  exciting  cause  in  operation.  To  what  extent 
they  increase  the  inspiratory  augmentation  of  the  lungs,  has  never  been 
ascertained.  It  is  curious,  that  to  most  of  them  inspiration  seems  neces- 
sary previous  to  expiration. 

Chemical  inspiration  may  be  exerted  naturally  upon  common  air  ; in- 
cidentally upon  gaseous,  vaporiform,  pulverulent,  foreign  matters. 

When  the  descent  of  the  diaphragm,  and  the  ascent  of  the  ribs,  has  en- 
larged the  cavity  of  the  chest,  by  protruding  the  sternum,  and  widening 
the  whole  cavity  from  right  to  left,  the  air  akeady  in  the  bronchiæ  swells 
out  in  proportion  as  the  pressure  is  removed,  so  as  still  to  maintain  the 
lung  in  contact  with  the  side  ; but  being  thus  considerably  rarefied,  the 
external  air  rushes  in  at  the  glottis  till  that  degree  of  equilibrium  which 
existed  previous  to  the  inspiration  is  restored.  There  is,  however,  no 
absolute  equilibrium  in  respirator3^  action  ; for  air  heated  to  101°  F.  in 
the  lungs  can  never  support  a column  of  ak,  say  at  60°  F.,  pressing  on  it 
from  without.  All  that  happens  is,  that  the  base  of  the  incumbent 
column  of  air  being  measured  by  the  small  rima  gîoltidis,  cannot,  in  ordi- 
nary ckcumstances,  have  time  to  displace  much  of  the  great  mass  of 
heated  ak  akeady  in  the  lungs  before  a new  reciprocation  takes  place  ; 
although  the  case  may  be  very  different  in  very  cold  climates  or  seasons, 
and  may  readily  explain  the  frequency  and  fatality  of  pneumonia  in  such 
ckcumstances. 

The  stimulus  to  this  action  is  said  to  be  a sense  of  uneasiness  occa- 
sioned by  black  blood  in  the  lungs  ; and  this,  no  doubt,  happens  when 
the  breath  is  long  retained  ; but  the  apoplectic,  the  maniacal,  the  sleeping 
the  epileptic,  and  fainting,  all  continue  to  breathe  during  the  time  when 
sensation  seems  utterly  abolished.  It  would  rather  appear  to  be  owing 
to  some  influence  of  the  ak  itself  upon  the  mucous  membrane  of  the 
lungs,  communicated  by  that  unseen  process  of  concatenation,  which  we 
denominate  sympathy,  to  the  necessary  muscles.  It  is  thus  that  inflation 
of  the  lungs  is  the  most  powerful  means  of  exciting  their  action. 
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The  expiratory  part  of  the  process  is  powerfully  assisted  by  the  elasti- 
city of  the  parts  composing  the  thorax,  so  that  this  cavity  returns  exactly 
to  the  position  and  magnitude  it  possessed  previous  to  the  inspiration. 
The  space  in  this  way  added  and  abstracted  alternately  is  variously  esti- 
mated from  40  to  20  solid  inches  in  an  ordinary  respiration,  and  from  100 
to  200  in  a vehement  respiration.  The  residual  air  in  the  lungs  after  or- 
dinary expiration,  or,  in  other  words,  the  bronchial  capacity  during  the 
period  of  quiescence,  is  reckoned  at  about  100  cubic  inches. 


The  20  inches  of  inspired  air  consist  of, 

Water,  00.75 

Carbonic  acid, 00.20 

Oxygen, 20. 

Nitrogen,  80. 


100.95 

The  20  inches  of  expired  air  consist  of, 

Water,  01.5 

Carbonic  acid,  3.4 

Oxygen,  1C.6 

Nitrogen,  80.0 


101.5 


The  only  material  addition  made,  therefore,  is  in  the  water  : for  the 
increase  of  carbonic  acid  little  more  than  balances  the  loss  of  the  oxy- 
gen, for  16.6  -b  3-4  = 20,  as  before. 

It  is  thus  rendered  ’probable,  that  the  carbonic  acid  is  formed  at  the  ex- 
pense  of  the  oxygen  ; and  as  heat  is  generally  evolved  by  the  formation 
of  carbonic  acid,  it  is  conceived  that  this  is  the  chief  source  of  animal 
heat.  The  experiments  detailed  in  the  text  go  far  to  confirm  this.  It 
is  accordingly  conceived,  that  the  heat  thus  evolved  is  taken  up,  pro- 
bably as  specific  caloric,  by  the  passing  arterial  blood,  and  distributed  by  it 
over  the  system  ; probably  at  the  points  where  it  again  becomes  venous. 
The  carbon  of  the  carbonic  acid  is  conjectured  to  escape  from  the  branches 
of  the  pulmonary  artery,  to  the  amount  of  eleven  ounces  daily.  The  wa- 
ter is  the  simple  exhalation  from  the  mucous  membrane  of  the  lungs,  at- 
least  ten  times  the  superficial  extent  of  the  body,  or  150  square  feet,  eva- 
porated by  the  heated  air  brought  in  contact  with  it.  Respiration,  there- 
fore, exerts  a cooling  operation,  not  only  by  the  introdvction  of  cold  air,  but 
by  promoting  evaporation.  But  it  follows  not  from  this,  by  any  means,  that 
it  may  not  also  yield  heat  to  the  system.  The  water  formed  measures 
about  twelve  ounces  in  the  twenty-four  hours  ; or,  in  round  numbers,  a 
pound  of  water  and  a pound  of  carbon  are  excreted  from  the  lungs  daily. 

The  vital  relations  of  respiration  to  the  anhnal  system  are  less  obscure  ; 
for  by  suspending  and  renewing  it  alternately,  we  can  watch  the  succes- 
sion and  connexion  of  the  phenomena  with  great  accuracy.  Suspension 
produces  vertigo,  anxiety,  insensibility,  asphyxia,  death,  in  all  breathing 
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animals  ; and  Bichat  has  ascertained,  that  these  phenomena  depend  up- 
on the  application  of  venous  blood,  carried  by  the  arteries,  to  the  nervous 
and  muscular  systems.  The  chyle  also  appears  to  undergo  a change  in  the 
lungs  ; and  stimuli,  as  the  nitrous  oxide,  fumes  of  alcohol,  opium,  applied 
to  the  interior  of  these  organs,  modify  the  actions  of  the  most  distant 
parts  of  the  system. 

Respiration  may  also  be  said  to  exert  a mechanical  influence  over  the 
vital  powers.  For  by  shutting  the  glottis  close,  many  persons  can  sus- 
pend the  action  of  the  heart,  and  at  length  extinguish  life  altogether.  A 
less  perfect  constriction  of  the  same  rouses  the  circulation  ; sends  the 
blood  towards  the  head,  and  increases  the  nervous  energy,  particularly  in 
the  upper  extremities  : the  face  reddens,  the  eye  flashes,  and  the  physio- 
gnomy of  resolution  is  assumed.  Physiologists  call  this  excited  energy 
“ the  effort,”  because  it  commonly  precedes  any  endeavour  to  exceed  the 
usual  power  of  the  individjaal. 

The  phenomena  of  coughing,  sneezhig,  &c.  belong  to  Pathology. 

b,  P.  380.  This  is  quite  an  untenable  position.  That  the  sternum 
and  cartilages  move  along  with  the  lower  ribs,  is  no  argument  that  these 
cannot  produce  a motion  of  any  given  extent.  It  might  just  as  well  be 
argued,  from  this  attachment,  that  they  could  not  move  at  all  ; whereas 
we  know,  from  what  happens  in  hepatization  and  thoracic  effusions,  that 
it  may  be  augmented  to  a very  great  range  of  motion. 

a,  P.  385.  It  is  generally  believed  that  Mayow  was  prior  to  J.  Rey 
in  this  particular  : at  all  events,  Priestley  preceded  Lavoisier  in  the  dis- 
covery of  oxygen. 

a,  P.  390,  Our  author  seems  to  prefer  the  first  of  Dr  Davy’s  results 
in  this  place,  and  the  last  of  the  table  of  the  differences  of  arterial  and 
venous  blood.  The  mean  of  all  the  experiments  is,  arterial  blood  to  ve- 
nous blood  as  900  : 872.  It  was — I.  Exp.  934,  A.  ; 921,  V.  II.  Exp. 
814.,  A.  ; 812,  V.  Ill  913,  A.  ; 903,  V.  IV.  839,  A.  ; 352,  V.  Mean  900, 
A.;  872,  V 

Dr  Gordon,  who  had  been  deceived  into  this  opinion  by  happening  to 
raise  the  thermometer  to  the  upper  part  of  the  fluid,  into  which  stratum, 
on  the  principle  of  fluid  circulation,  the  warmer  blood  had  ascended  by 
its  levity  ; came  afterwards  to  be  fully  sensible  of  the  justice  of  Dr  Davy’s 
correction. 

a,  P.  394.  There  seems  to  be  no  good  reason  why  oxygen  should  not 
enter  the  system  by  transhalation  through  the  membrane  of  the  lungs, 
since  all  acknowledge  the  oil  of  turpentine,  prussic  acid,  opium,  and  many 
poisons,  find  a passage  in  this  way.  Nay,  we  have  seen  above,  that  M. 
Magendie  has  proved  that  all  venous  absorption  is  effected  by  transuda- 
tion, and  that  the  walls  of  the  vessels  easily  transmit  fluids  by  imbibition, 
p.  350.  Hippocrates’  maxim,  that  “ the  whole  man  is  inspiratory  and  ex- 
piratory” turns  out  to  be  more  general  in  its  application  than  was  once 
imagined. 

a,  P.  402.  Dr  Traill,  of  I.iverpool,  in  the  Edinburgh  Medical  and 
Surgical  Journal  (April  1823),  has  latel}^  added  farther  confii'iuation  to 
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this  circumstance,  which  ought  to  be  better  known,  by  several  observa- 
tions made  by  himself. 

a,  P.  403.  and  420.  See  our  note  above  on  pulmonary  transhalation. 

a,  P.  408.  The  globules  of  the  blood,  when  measured  by  a microme- 
ter, are  estimated  about  of  an  inch  in  diameter — See  Sir  E.  Home's 
Paper,  Phil.  Trans,  1819.  But  whether  they  are  of  any  regular  well- 
defined  figure,  or  whether  they  wear  their  coating  of  colouring  matter 
inside  or  out,  must  remain  undetermined,  till  future  improvements  in 
the  microscope  render  the  results  of  that  instrument  in  objects  of  their 
diameter  so  uniform,  that  no  further  room  for  doubting  remains.  At 
present  they  are  so  discordant,  that  no  name  or  authority  whatever  can 
sanction  our  giving  a preference  here  to  any  one  of  them.  They  have  been 
compared  to  a globe,  to  a bladder  with  a pea  in  it,  to  a piece  of  money, 
to  a drum,  to  a sand-glass,  to  a hexaedron,  and  I know  not  what  else. 
The  globules  are  the  staple  commodity,  the  ferœ  naturae,  of  physiological 
advertisers.  The  reader  will  find  two  plates  at  the  end  of  this  edition, 
which  illustrates  the  notions  of  the  latest  authors  on  this  subject,  Pré- 
vost and  Dumas.  Home’s  researches  were,  he  says,  dictated  by  his  friend 
Bauer,  having  observed  the  growth  of  the  roots  of  wheat  being  produced 
from  the  expansion  of  carbonic  acid  ; and  he  finishes  his  paper  by  con- 
cluding that  human  vessels  are  formed  in  the  same  way,  namely,  by  the 
channels  it  produces  during  its  escape  from  the  coagulated  lymph,  in 
which  alone  new  vessels  can  be  formed.  N ow,  it  is  quite  true  that  car- 
bonic acid  has  been  detected  copiously  both  in  the  blood  and  urine, 
and  probably  always  exists  there  ; but  it  is  not  easy  to  show  in  what 
manner  its  channels,  such  as  appear  in  boiled  flour,  starch,  and  sowens, 
can  ever  be  condensed  into  organized  tubes. — See  Edin.  Med.  and  Surg, 
Journal,  vol-  xv. 

a,  P.  409.  This  sac  is,  by  Wells  and  others,  conceived  to  consist  of  coa- 
gulated  albumen.  It  certainly  resists  the  action  of  water  ; for,  when  the 
globules  are  washed  in  this  element,  the  colouring  matter  falls  to  the  bot- 
tom, and  an  albuminous  matter,  believed  to  be  composed  of  these  cap- 
sules, left  floating,  can  be  rendered  visible  by  a gentle  heat. 

a,  P.  411.  Dr  Duncan  junior,  Professor  of  Materia  Medica  in  the 
University  of  Edinburgh,  has  lately  shown  that  the  cavities  of  the  base 
are  structures  quite  independent,  but  subordinate  to  the  cavities  of  the 
apex,  which  form  the  proper  heart.  By  boiling  for  a long  time  in  warm 
water,  the  auricles  can  be  separated  without  the  laceration  almost  of  a sin- 
gle fibre.  He  has  also  demonstrated,  that  the  columnæ  carneœ  are  formed 
by  the  external  spiral  fibres  of  the  ventricle,  collected  into  bundles  after 
they  have  wound  their  course  to  the  interior  through  the  auriculo-ven- 
tricular  orifice.  The  obscure  hints  of  Lower,  and  some  other  ancient 
anatomists,  had  been  entirely  forgotten,  till  the  Doctor  very  pi'operlv 
brought  them  into  notice,  in  a paper  read  to  the  Royal  Society,  and 
which  contains  many  interesting  observations  on  a subject,  which,  by 
some,  has  long  been  considered  as  exhausted,  by  others  as  inexplicable. 

b,  P.  4ll.  It  chiefly  differs  from  the  tricuspid  in  being  composed  of 
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two  flaps  only  ; the  latter  of  which  is  so  large  as  to  cover  and  completely 
defend  the  orifice  of  the  aorta  from  the  blood  entering  the  ventricle,  un- 
til it  has  been  gradually  floated  away  from  before  it.  By  this  time  the 
blood  receives  the  full  impulse  of  the  ventricle,  and  shoots  along  the  arch 
of  the  aorta  with  sufficient  impulse  to  carry  it  over  the  whole  body. 

a,  P.  415.  The  oil  of  turpentine  affords  a wonderful  example  of  the 
accuracy  of  this  remark.  By  a single  inhalation,  the  breath,  the  urine, 
and  even  the  sweat,  become  tainted  with  its  odour.  The  exhalations  of 
a sph'it-cellar  are  known  to  have  produced  inebriating  effects  ; and  it  may 
be  fairly  doubted  whether  those  large  vaults  of  this  description,  to  which 
of  late  children  under  hooping-cough  are  sometimes  sent,  be  not  rather 
injurious  than  salutary  in  that  affection,  at  least  in  irritable  subjects. 

a,  P.  420.  The  inflammation  of  veins  has,  of  late,  been  much  canvassed 
by  the  profession,  on  account  of  the  numerous  deaths  from  their  puncture 
in  bleeding  and  dissection.  Little,  however,  has  transpired  that  can 
either  explain  the  affection,  or  promote  its  cure.  Dr  Duncan  junior, 
who  has  for  some  time  considered  the  subject  with  the  serious  attention 
it  merits,  maintains,  that  the  inflammation  is  frequently  not  in  the  tunics 
of  the  vein,  but  in  the  cellular  membrane,  which  envelopes  it.  The  sub- 
ject, however,  is  not  exactly  Physiological. 

b,  P.  420.  I remember  to  have  read  in  the  journals  a very  warm  dis- 
cussion of  this  point,  maintained  between  my  excellent  friends  Dr  C. 
Hastings  of  AVorcester,  and  Dr  J.  Johnson  of  London.  I confess,  how- 
ever, that,  though  impressed  with  the  highest  respect  for  the  talents  and 
zeal  of  both  parties,  I never  could  see  how  their  machinery  was  to  be 
applied  to  the  human  body  ; since  both  parties  were  bound  by  their  hy- 
potheses to  admit,  at  least,  the  irritable  or  contractile  power  of  the  heart, 
and  also  of  the  capillaries,  neither  of  which  could,  therefore,  by  any  means, 
be  represented  in  their  apparatus.  Neither  Dr  Johnson  nor  Dr  Hast- 
ino-s  could  have  any  other  object  than  the  service  of  truth,  and  the  nu- 
merous  winters  who  have  aiTanged  themselves  on  the  respective  sides  of 
this  great  controversy  respecting  arterial  action,  are  entitled  to  the  same 
credit  ; their  multitude  being  only  a proof  of  the  importance  and  diffi- 
culty of  the  question.  The  student,  probably,  will  be  more  apt  to  take 
a side,  than  to  sit  coolly  down,  declaring  the  point  indeterminable  ; and  I 
have  drawn  up  the  following  synopsis  of  the  arguments,  for,  and  against, 
the  contractility  of  arteries,  that  he  may  choose  none  of  the  three  opi- 
nions, which  are  equally  open  to  him,  empty  handed. 


arguments  for  and  against  the  contractility 

OF  ARTERIES. 


1 . The  arteries  are  productions  from 
the  heart,  which  is  distinctly  mus- 
cular. 

2.  Fetal  circulation  has  been  sup- 


1.  The  aorta  arises  by  a peculiar 
cartilaginous  ring  from  the  ven- 
tricle. 

2.  Monsters  prove  nothing 
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ported  by  arteries  alone,  when  the 
heart  was  wanting. 

3.  In  many  of  the  worm  tribe  there 
is  either  no  heart,  or  the  heart  is 
an  artery,  yet  in  these  circulation 
goes  on. 

4.  Verdschuir  and  Hastings  have 
seen  all  the  arteries  contract  on 
the  application  of  a stimulus  ; and 
most  unprejudiced  writers,  as  Hal- 
ler, Bichat,  admit  of  this  property 
in  the  capillaries.  Now,  as  a ca- 
pillary has  no  distinct  beginning, 
it  seems  but  fair  to  extend  the 
property  to  the  whole  vascular 
system. 

5.  A large  artery,  if  cut,  can  be  felt 
contracting  on  the  finger  : as  in 
the  shark. 

6.  The  fibrous  texture,  so  common 
to  muscles,  can  easily  be  pointed 
out  in  arteries. 

7.  Arteries  are  richly  furnished  with 
meshes  of  nerves  : if  not  for  con. 
traction,  what  is  the  use  of  this 
apparatus  ? 

8.  When  an  artery  becomes  ossified, 
the  circulation  below  it  stops. 

0.  In  paralysis,  the  force,  and  often 
the  number  of  the  pulsations  of 
arteries  in  the  affected  side  is  di- 
minished : Now  this  is  just  what 
happens  to  muscles,  voluntary  or 
involuntary,  from  the  same  cause, 
and  cannot  be  explained  in  any 
other  way  ; for  relaxing  tubes 
not  contractile,  ought  to  permit  a 
larger  wave  of  blood  to  enter. 

10.  In  apoplexy,  the  whole  circula- 
tion is  affected,  and  often  becomes 
extremely  irregular  in  its  distri. 
button. 

11.  Topical  congestion  from  any 
cause,  as  stimulation,  friction, 
blushing,  lascivious  ideas,  Ac- 
must  always  arise  from  an  action 
in  the  vessels  of  the  parts  affect. 


4.  Many  emment  anatomists  deny 
the  fact;  even  Haller  denies  it 
in  the  larger  vessels. 


5.  The  cut  artery  contracts  from 
mere  organic  contractility  ; in- 
deed for  the  same  reason  as  it 
retracts. 

6.  Fibres  are  no  certain  proof  of 
muscularity. 

7.  Cartilages  have  nerves,  but  do 
not  therefore  contract. 


8.  Bichat’s  experiment  of  inserting 
a glass  tube. 

9.  Arteries  denuded  exhibit  no 

pulse,  yield  no  feeling  of  dilata- 
tion ; while  veins  subjected  to 
artificial  varicose  aneurism  pul- 
sate, and  not  before ^Adelon, 

iii.  385. 


10,  11,  12,  &e.  The  supposition  of 
“ An  organic  or  vital  contractili- 
ty” of  the  middle  tunic  of  the  ar- 
tery, reduces  the  question  to  the 
simple  form  of,  whether  the  ai'. 
terial  tunic  be  a new  solitary  tis- 
sue sui  generis,  possessed  of  irri- 
table  properties  ; or  only  a tissue 
afready  abundant  in  other  parts 
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ed.  Indeed,  all  medicine,  except  of  the  system,  and  known  to  be 

the  exhibition  of  general  stimu-  characterized  by  contractility, 

lants,  is  founded  on  this  fact;  namely,  the  muscular.  In  the 

since  almost  every  class  of  medi-  present  state  of  general  anatomy, 

cines  operates  by  determining  an  this  question  must  remain  undecided, 

increased  action  of  the  vessels  of  though  probability  seems  much  in 
a given  organ.  favour  of  the  widely  diffused,  and 

12.  The  removal  of  topical  conges.  as  widely  modified,  muscular  tissue. 
tion,  or  plethora,  by  remedies, 

proves  the  same  thing. 

13.  The  lymphatics,  a system  very  13.  The  lymphatics  resemble  veins 
similar  to  the  arteries,  contract  rather  than  arteries  ; resemblance 
distinctly  on  the  application  of  a is  no  proof. 

stimulus. 

1 4.  Certain  mechanical  irritations  of 
the  brain,  spinal  cord,  or  nerves, 
inodity  the  circulation,  and  differ- 
ently in  different  parts. 

(14.)  The  passions  affect  individual 
secretions,  as  the  tears,  which  are 
furnished  by  certain  arteries. 

15.  The  ligature  of  a nerve  lessens 
the  secretion  of  the  gland  to  which 
it  goes. 

16.  Hemorrhages  are  daily  stopped 
by  the  application  of  stimuli,  and 
as  effectually,  as  by  tying  the  ar- 
tery. 

17.  The  arteries  are  found  empty  17.  The  arteries  are  emptied  after 
after  death.  If  they  are  not  con-  death  by  the  power  of  the  heart, 
tractile,  what  empties  them  ? 

18.  When  the  aorta  has  been  tied  18.  They  are  emptied  by  organic 
below  the  heart,  the  arteries  are  insensible  contractility. 

stiU  found  empty. 

19.  The  force  of  the  blood  in  the  19.  Parry  has  proved  the  mechani- 

smallest  arteries  : The  pulse.  cal  origin  of  the  pulse. 

20.  An  artery  included  between  two  20.  Lamure  was  mistaken  in  the 
ligatures  empties  itself  forcibly.  experiment  of  including  an  arte- 

Text,  p.  413.  And  when  first  ry  between  two  ligatures  ; the 

exposed  to  the  air,  contracts  half  vessel  merely  undergoes  a local 

its  diameter.  — Tiedemann,  ver.  displacement. 

such.  12.  p.  33. 

B Adelon  admits  a contractility  in  the  arteries,  though  not  mus- 

cular ; but  which  he  chooses  to  call  “ en  quelque  chose  organique  et  vi- 
tale.” Tliough  these  two  qualifications  are  none  of  the  plainest,  we  learn 

bv  them  that  the  arterial  is  a contractile  tissue,  sut  generis.  ' The  force 
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itself  is  vulgarly  named  tmkity,  but  its  existence  cannot  be  proved  as  dis- 
tinct from  irritability,  elasticity,  and  congelation. 

a,  P.  421.  The  hypothesis  of  Bichat,  so  justly  oppugned  in  this  place 
by  our  author,  is  indeed  a mistake,  but  a very  natural  one.  The  first 
person,  in  short,  that  looked  through  a microscope  at  the  blood  in  the 
capillaries,  must  have  witnessed  it  frequently  to  move  in  a direction  con- 
trary to  the  stream  from  the  heart,  and,  accordingly,  we  have  Malpighi 
very  early  remarking  the  antiperistaltic  motion  of  the  blood  of  the  silk- 
worm. (Op.  p.  38.  fol.  ed.)  Hales  and  Baker,  in  their  well-known  essays, 
testify  to  the  same  phenomenon  in  the  vessels  of  other  animals.  Upon 
this  fact,  De  Gorter,  but  chiefly  Dr  Robert  Whytt,  in  his  “ Vital  Mo- 
tions,” first  published  at  Edinburgh  in  1751,  founded  the  theory  of  the 
oscillation  of  tlie  capillaries,  and  the  doctrine  was  afterwards  slightly 
modified  by  Bichat  in  his  Anatomie  Generale,  Syst.  Capill.  sect.  viii. 
Whytt  says,  “ Besides  the  alternate  diastole  and  systole  of  the  larger  arte- 
ries, which,  in  a great  measure,  depend  upon  the  projectile  force  of  the 
heart,  and  the  elasticity  of  their  coats,  there  is  a vibratory  or  oscillatory 
motion  in  the  inferior  orders  of  vessels,  to  which  the  direct  force  of  the 
heart  does  scarcely  reach,  and  where  the  elasticity  is  nowise  concerned.” 
^ — Vit.  Mot.  p.  109.  Ed.  The  mistake  lies  in  supposing,  that,  because  the 
motion  of  blood  moving  in  capillaries  may  be  forced  to  retrograde,  or,  in 
other  instances,  may  be  greatly  accelerated  in  the  natural  direction, 
therefore  these  tubes  do,  in  the  natural  and  unsolicited  state,  make  vast 
exertions  of  their  own.  A large  river  that  divides  into  small  streams  has 
the  force  of  each  much  lessened,  but  the  progression  is  certain,  unless 
overcome  by  a superior  resisting  force,  and  in  that  case  they  are  driven 
backwards,  though  the  cause,  by  operating  on  a large  scale,  becomes 
known,  and  is  never,  therefore,  attributed  to  the  action  of  their  banks. 
Again,  the  irritable  nature  of  capillary  vessels  is  now  a point  pretty  ge- 
nerally conceded,  and  explains  sufficiently  all  the  phenomena  suggested 
by  Whytt  and  Bichat,  to  demonstrate  a peculiar  oscillatory  impulse,  com- 
municated to  the  common  circulation  by  these  tubes.  The  impulse  they 
communicate,  however,  is  not  peculiar,  but  the  mere  result  of  irritability, 
in  a case,  where  the  contained  mass  bears  a minimum  proportion  to  the 
containing  wall — See  Haller,  El.  Phys.  i.  p.  436,  443.  a,  a,  p.  467.  See 
Note  to  p.  458. 

a,  P.  422.  HaUer  did  not  think  ,T.  Hunter’s  experiments  quoted  in  the 
page  alluded  to  conclusive.  His  words  are — “ I esteem  highly  this  gen- 
tleman’s  experiments,  in  which  candour  appears  combined  with  industry. 
But  we  possess  so  numerous  a train  of  arguments  to  the  contrary,  that  I 

cannot  recede  from  the  opinion  of  my  great  preceptor  Boerhaave.” El. 

Phys.  vii.  69. 

a,  P.  423.  Rather  read,  opposite  the  interior  of  the  fifth  and  sixth 
true  ribs. 

a,  P.  428.  Dr  White,  the  first  rational  writer  among  our  countrymen 
who  recoinmended  bleeding  in  fevers,  constantly  estimates,  from  a Table, 
the  quantity  of  blood  to  be  taken,  by  the  weight  of  the  jiatient. 


588 


NOTES. 


a,  P.  4(35,  Dr  Carson,  of  Liverpool,  has  lately  maintained,  that  the 
lungs  act  as  a kmd  of  pump,  in  attracting  the  blood  from  the  venous 
system  into  the  heart.  During  expiration,  less  blood  than  usual  passes 
through  the  lungs  : hence,  by  expanding  the  lungs  in  inspiration,  more 
blood  than  would  otherwise,  passes  along  the  pulmonary  artery  to  the 
pulmonary  mass — hence  more  is  sent  into  the  ventricle  by  the  auricle, 
and  more  into  the  auricle  by  the  veins,  and  so  on.  Now,  so  far  the  com- 
parison to  a pump  is  just  and  natural  : but  the  grand  supposed  point  of 
resemblance  is  very  slender  indeed  : there  is  no  process  in  the  human 
body  that  exactly  resembles  the  removal  of  atmospherical  pressure.  Let 
the  reader  compare  the  only  real  human  case  of  it,  the  operation  of  suck- 
ing, with  that  attributed  to  the  lungs,  and  the  difference  wUl  become  evi- 
dent. Air  rushes  into  the  inspiring  lung,  because  the  ascent  of  the  tho- 
rax, and  descent  of  the  diaphragm,  by  affording  space,  have  allowed  the 
contained  air  to  expand  itself  to  a degree  of  tenuity  which  can  no  long- 
er balance  the  atmosphere.  Hence  the  heavier  external  air,  as  we  have 
seen  p.  680,  enters  by  the  glottis  till  it  restore  the  difference  of  equili- 
brium ; and  venous  blood,  which  is  854  times  heavier  than  air,  wiU  enter 
in  the  part  of  the  same  volume,  by  the  pulmonary  artery,  to  supply 
its  quota  of  the  same  deficiency.  But  of  a common  inspiration 
= of  a cubical  inch  of  air,  is  the  bulk,  and  1 2 grains  the  weight,  of  the 
blood  thus  pumped  in,  and  does  not  exceed  the  part  of  the  two  ounces 
of  blood  which  are  sent  to  the  lungs  at  every  stroke  of  the  right  ventri- 
cle. That  some  feeble  force  is  exerted,  seems  sufficiently  proved  by  Dr 
Barry’s  [experiments,  detailed  in  his  Researches  on  Atmospheric  Pres- 
sure ; that  it  cannot,  in  any  case,  much  exceed  jij  part  of  the  whole  mov- 
ing force,  has  been  demonstrated  in  my  review  of  his  work,  Edin.  Journ. 
Med.  Science,  vol.  ii.  p.  462  ; and  that  he  hugely  overrated  it,  and  there- 
by misled  Cuvier  and  Dumeiil  into  a most  ignorant  exposure,  I have 
shewn  in  my  reply  to  Dr  Barry’s  reclamation  in  the  Medico-Chirurgical 
Journal,  January,  also  April,  182?. 

a,  P.  448.  Note.  The  very  valuable  ideas  advanced  in  this  page,  our 
author  has  afterwards  developed  more  at  large  in  his  Recherches  Physio- 
logiques et  Medicales.,  sur  les  Causes,  les  Symptômes,  et  le  Traitement  de  la 
Gravelle.  This  work  has  deservedly  met  with  the  approbation  of  the  me- 
dical and  learned  world. 

a,  P.  458.  Many  theories  have  been  devised  to  explain  secretion.  As, 
1.  That  fluids  are  separated  by  a sort  of  infiltration. 


g by  the  contributions  of  vasa  vasorum. 

3 by  chemical  attraction. 

4.  by  electricity. 

S by  galvanism. 

g by  inexplicable  laws. 

7  by  fermentation. 

8  by  gravitation. 

f by  corresponding  momentum  of  the 
® ( fluids,  and  dilatability  of  the  last  tubes. 
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a,  P.  462.  Professor  Berzelius  has  lately  shown  that  the  curious  proxi- 
mate principle  named  Picromel,  is  not,  as  was  formerly  supposed,  peculiar 
to  the  büe  of  oxen,  but  is  also  found  in  man. 

a,  P.  47t).  The  original  has  it,  “ F.  Un  assez  grand  nombre  de  tissus 
dans  l’économie  paraissent  ne  point  éprouver  de  nutrition  proprement 
dite.” — Vol.  ii.  p.  498.  Notwithstanding  the  suggestions  of  an  anony- 
mous friend,  who  writes  a learned-looking  hand,  but  who  spells  economy 
Avith  an  œ,  and  nutrition  by  sh,  I cannot  find  any  better  English  for  the 
passage  than  that  given  in  the  text.  By  nutrition  proprement  dite,  M.  M. 
no  doubt  understands  that  which  we  conceive  to  take  place  by  deposition 
from  the  extreme  vessels,  the  existence  of  which,  in  the  tissues  he  men- 
tions, is  rather  ascertained  by  analogy,  than  demonstrated  by  any  expe- 
riment, or  dissection.  That  analogy,  however,  is  most  extensive  and  sa- 
tisfactory. 

a,  P.  430.  See  Notes  to  pages  333,  489. 

a,  P.  487.  E.  See,  on  the  hair.  Dr  Fleming’s  Philosophy  of  Zoology. 

a,  P.  489.  Animal  heat.  Several  suggestions  which  may  appear  rather 
novel  in  this  article,  are  not  to  be  attributed  to  our  author,  who  merely 
copies  them,  on  account  of  their  singularity,  from  other  authors.  The 
originals,  or  references  to  them,  may  be  found  in  Dr  Corden  Thomson’s 
excellent  Essay  on  Human  Heat,  published  as  an  inaugural  dissertation 
in  this  city,  m 1820.  It  is  a work  in  which  the  best  informed  reader  will 
find  much  to  reward  his  inspection.  The  Doctor  finds  the  general  heat 
of  the  human  body  about  99°  F.,  and  this  nearly,  but  not  quite  the  same, 
on  all  points  of  the  surface  : and  he  concludes,  from  many  experiments 
that  age,  sex,  temperament,,  size,  or  way  of  life,  make  no  difference  what- 
ever in  the  human  temperature.  Mr  Brodie  of  London  has  lately  at- 
tempted to  revive  the  doctrine  of  CaverhiU  ( On  heat ) respecting  the 
origin  of  animal  heat.  “ Nuper,”  says  Haller  in  his  Auctarium,  lib.  vi. 
69,  “ Cl.  CaverhiU  calorem  ad  nervorum  actionem  reduxit,  eo  potissi- 
mum  experimento,  quod  laesa  meduUa  spinaU,  calor  insigniter  depressus 
fuerit — CL  CaverhiU  unice  videtur  demonstrasse,  vires  vitales,  laesa  me- 
duUa spinall,  debUitari,  cumque  his  viribus  calorem.”  After  perusing 
this  note  with  care,  the  reader  wUl  find  Uttle  novelty  either  in  Mr  Bro- 
die’s  Theory,  or  in  what  is  repUed  to  it  ; and  I shall  therefore  briefly 
add,  that  inasmuch  as  the  vascular  and  respiratory  organs  are  capable 
of  being  affected  by  the  nervous  system,  so  much  of  the  theory  of  Caver- 
hiU and  Brodie  is  true,  but  no  more  ; their  experiments  being  merely 
capable  of  showing  the  extent  of  this  influence.  The  animal  heat,  for 
aught  proved  by  these  experiments,  may  depend  on  a cause  totaUy  diffe- 
rent from  either  vessels,  lungs,  or  nerves  : and  on  a theme  concerning 
which  our  knowledge  is  so  extremely  slender,  we  cannot  afford  to  give 
up  the  fine  series  of  analogies  which  was  observed  to  connect  heat  and 
respiration  over  the  whole  animal  world,  even  in  the  early,  rude,  compa- 
rative anatomy  of  Democritus  (Aristotle  de  respiratime,  173.),  for  a bald 
resuscitation  of  a decayed  hypothesis.  Fresh  be  the  laurels  of  the  Caver- 
hiUs  and  Crawfords,  the  Berards  and  Brodies  ! but  plain  truth  must  con- 
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fess  iu  lier  simplicity,  that  we  should  have  known  quite  as  much  of  ani- 
mal  heat  without  their  interference.  It  is  stiU  a problem,  to  the  solu- 
tion of  which,  a few  more  experiments  will  go  much  farther  than  the 
aptest  hypothesis.  MM.  Edwards  and  Gentil  of  Paris,  have  shown  that 
the  diurnal  variations  of  the  human  temperature  range  from  2 to  3 de- 
grees of  the  centigrade  thermometer  ; Adelon,  iii.  488.  What  the  latter 
has  added  on  the  subject  is  sufficiently  perspicuous. 

a,  P.  4 96.  Mr  C.  Bell,  Medico-Chirurgical  Transactions,  vol.  iv,  strongly 
asserts  the  muscularity  of  the  uterus,  and  supports  his  general  arguments 
by  dissection.  He  has  discovered  “ a muscular  layer  of  fibres  which 
cover  the  upper  segment  of  the  gravid  uterus.  The  fibres  arise  from  the 
round  ligaments,  and  regularly  diverging,  spread  over  the  fundus  until 
they  unite,  and  form  the  outermost  stratum  of  the  muscular  substance 
of  the  uterus.”  With  Haller,  he  makes  the  circular  fibres  most  abun- 
dant in  the  vicinity  of  the  fundus,  the  longitudinal  fibres  around  the  cer- 
vix. He  sees  the  uterus  contract  distinctly  in  brutes  even  when  removed 
from  the  body  ; and  adds,  that  the  muscular  fibres  can  be  distinctly  traced 
on  the  internal  surface  of  the  uterus,  after  brushing  off  the  decidua. 

a,  P.  498.  Respecting  this  period  a curious  observation  has  been  ad- 
vanced by  Gall,  the  craniologist,  in  the  third  of  his  quartos.  He  affirms 
that  in  all  countries,  there  is  generally  a great  majority  of  women  men- 
struating at  the  same  period  : and  that  there  are  times  of  the  month  in 
which  there  are  almost  none  to  be  found  in  that  condition  : nay,  that  all 
women  are,  in  this  respect,  divided  into  two  series  : one  of  which  have 
their  period  upon  the  first  eight  days  of  the  month  ; and  the  other  upon 
some  one  of  the  last  fifteen  days — “ I kept  a journal,  in  which  I marked 
the  periods  of  a considerable  number  of  females,  during  several  years.  The 
result  was,  that  females  were  divided  into  two  great  classes.  Each  of 
these  great  classes  has  a different  period  of  menstruation.  The  females 
of  the  same  class  all  undergo  this  natural  process  within  a space  of  eight 
days.  These  eight  days  being  passed,  a period  of  ten  or  twelve  days  fol- 
lows, in  which  scarcely  any  menstruating  females  are  met  with.  After 
these  ten  days,  the  epoch  assigned  to  the  second  great  class  commences, 
all  the  individuals  of  which  have  completed  their  menstruations,  in  like 
manner,  within  the  space  of  eight  days.  Let  us  suppose  that  a female  of 
this  class  begins  to  menstruate  upon  the  first  of  the  month,  she  will  have 
finished  upon  the  eighth,  provided  her  period  is  of  not  more  than  eight 
days.  Another,  whose  period  only  lasts  three  days,  will  have  finished  on 
the  third  ; or  in  case  that  she  has  only  commenced  upon  the  fifth  of  the 
month,  she  will  also  have  finished  upon  the  eighth,  and  so  on  of  the 
others  : so  that  women,  provided  they  are  in  a regular  state  of  health, 
have  twenty-one  or  twenty-six  days  of  interval.  For  example,  tlie  fol- 
lowing are  the  periods  which  really  took  place  in  two  females,  each  of 
which  belonged  to  a different  class.  1818.  .January  19th,  3d  ; February 
16th,  1st,  29th;  March  14th,  28th;  April  10th  and  25th;  May  8th, 
23d;  .Tune  5th,  39th,  10th;  .July  26th,  IJth;  August  21st,  17th;  Sep- 
tember 18th,  9th  ; October  16th,  8th;  November  14th,  5th  ; December 
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12th,  2d.  We  see  that  each  of  them  has  menstruated  thirteen  times, 
and  that  she  who  commenced  upon  the  third  of  January,  will  menstruate 
for  the  fourteenth  time  upon  the  last  of  December. 

“ Mothers,  daughters,  and  sisters,  fair  and  dark,  delicate  and  robust, 
belong,  without  distinction,  to  this  or  that  class  of  the  grand  division. 
Consequently,  the  cause  of  the  epoch  of  menstniation  does  not  exist  in 
the  individual,  but  is  universal.” — Gall,  Physiologie  du  Cerveau,  iii.  350. 
See  also  Adelrni,  iv.  60.  But  may  not  this  be  a coincidence  of  the  same 
explicable  nature  as  Dr  Gall’s  other  ingenious  observations  ? 

a,  P.  501.  It  is  curious  enough  to  observe  the  inconclusive  reasoning 
of  many  authors  with  regard  to  these  seminal  animalcules.  They  inhabit 
a very  peculiar  fluid,  which  is  found  to  be  most  fit  for  impregnation  when 
the  animalcules  are  most  abundant  ; and  hence  it  is  inferred,  that  the 
animalcules  themselves  are  principal  agents  in  the  impregnation.  With 
as  much  reason  might  it  be  imagined,  that  the  acarus  siro,  which  exists  in 
such  numbers  in  old  cheese,  is  the  cause  of  the  agreeable  taste  of  that 
substance  in  a state  of  putrescence,  whereas  it  is  the  putrescence  which 
recommends  the  cheese  both  to  the  glutton  and  the  mite  ; but  the  for- 
mer, happening  to  be  the  larger  of  the  two  gourmands,  swallows  the  other. 
Thus,  also,  it  has  never  been  determined  whether  due  impregnation  de- 
pend upon  that  quality  of  the  semen  which  is  coexistent  with  the  preva- 
lence of  animalcula,  or  upon  the  animalcula  themselves.  Analogy  is  in 
favour  of  the  former. 

a,  P.  505.  Professor  Meckel,  after  much  investigation,  comes  to  a con- 
clusion almost  exactly  the  reverse  of  this.  “ 9.  No  oblique  fibres  exist 
in  the  neck  of  the  uterus,  yet  it  is  composed,  frequently  at  least,  of  seve- 
ral superimposed  layers  of  longitudinal  and  transverse  fibres.” — Tom.  iii. 
p.  610.  The  truth  is,  that  the  uterine  fibres  ai-e  scarcely  visible  in  the 
unimpregnated  state,  and  have  been  denied  to  exist  bj'  Blumenbach, 
Walter,  Boehmer,  Azzoguidi,  and  llibke.  They  only  become  developed 
in  tolerable  degrees  of  distinctness  in  advanced  pregnancy,  and  as  the 
shape  of  the  uterus  varies  then  vastly  according  to  the  age  of  the  foetus, 
its  size,  the  quantity  of  amniotic  liquor  and  membranes  wherewith  it  is 
surrounded,  all  fibres,  that  are  not  longitudinal,  will  necessarily  assume  de- 
grees of  obliquity  var3ring  according  to  these  circumstances.  The  local 
development  will  also  vary  according  to  many  circumstances  in  the  uteri 
of  different  individuals,  particularly  according  to  the  above,  and  to  the 
conditions  of  the  rectum  and  bladder.  Hence  in  a muscle  of  organic 
life,  like  the  uterus,  of  which  class  it  is  a character,  to  have  little  unifor- 
mity in  the  distributions  of  their  fibres,  we  ought  rather  to  be  amused, 
than  surprised,  when  we  see  authors  contending  stoutly  for  their  own 
special  results,  and  eager  in  search  of  regularity,  where  it  would  be  out 
of  the  course  of  nature  if  strict  regularity  were  found.  It  is  for  this  rea- 
son we  omit  the  laboured  and  intricate  view  of  the  uterine  fibres  laid 
down  by  Madame  Boivin.  {Accouchemens,  p.  62.  and  90.)  See'  Meckel, 
as  above. 

a,  P.  509.  The  cord  is  not  implanted  exactly  in  the  centre  of  the  pla- 
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centa,  but  considerably  to  one  side  of  it,  an  expedient  by  which. nature 
is  said  much  to  facilitate  the  separation  of  that  organ  from  the  uterus. 

a,  P.  510.  The  Urachus  in  quadrupeds,  is  a sac,  or  canal  leading  to  a 
sac,  called  Allantois^  hanging  from  their  navel,  and  deriving  to  it  urine 
from  the  bladder.  In  the  human  fetus,  which  generally  secretes  no  more 
urine  than  the  absorbents  remove,  it  is,  in  general,  a mere  vestige  : 
though  monsters  are  occasionally  born,  in  whom  its  functions  are  neces- 
sary and  perfect. 

a,  P.  511.  Physiologists  have  not  attended  to  the  peculiarities  of 
the  fetal  circulation,  and  their  influence  upon  the  development  of  dif- 
ferent parts  of  the  system,  with  all  the  solicitude  which  the  subject 
seems  to  demand.  By  comparing  their  influence  with  that  resulting 
from  the  changes  that  take  place  at  ditferent  periods  in  the  evolution  of 
the  vascular  system,  many  curious  revolutions  hitherto  unexplained  may 
easily  be  accounted  for.  Of  these  at  jiresent,  we  can  only  find  room  for 
a very  b rief  sketch. 

1.  The  ligature  of  the  umbilical  cord  produces  great  effects  in  adapt- 
ing the  respiratory  and  alimentary  organs  to  their  proper  functions  : these, 
it  will  be  remembered,  are  now  become  the  substitutes  of  the  placenta. 
The  liver,  particularly  its  left  lobe,  detumesces  considerably  in  an  instant 
The  collapse  from  above  leaves  room  for  the  descent  of  the  diaphragm  and 
lungs,  which  greatly  assists  the  yet  feeble  powers  of  inspiration  ; and  is  by 
many  supposed  to  be  the  incipient  cause  of  that  process  ; from  below,  the 
collapse  of  the  liver  j)ermits  the  expansion  of-  the  stomach  and  bowels 
now  distended  with  food  and  air.  It  consequently  gives  ready  entrance 
into  the  mass  of  the  liver,  to  that  great  increase  of  blood  sent  to  the  vena 
portae,  by  the  stomach,  intestines,  spleen,  and  pancreas,  in  consequence 
of  the  new  stimuli  applied  to  them,  not  only  by  the  food  and  respiratory 
movements  of  the  abdomen  and  chest  ; but  by  their  mutually  increased 
pressure  upon  each  other,  by  their  peiistaltic  motion,  and  by  the  smaller 
demand  now  made  upon  the  hepatic  branch  of  the  coeliac  axis,  and  pro- 
portionally greater  quantity  sent  by  its  other  branches  to  the  remaining 
viscera.  But  whatever  augments  the  arterial  circulation  of  these  vis- 
cera, augments  proportionally  the  portal  circulation  of  the  liver.  (See 
my  paper  in  Edinburgh  Journal  of  Medical  Science,  vol.  III.  p.  147.) 
Hence  the  astonishingly  great  and  rapid  evolution  of  the  vena  portae 
in  children,  and  their  proclivity  to  diseases  of  the  liver. 

2.  The  same  ligature  of  the  cord,  which  obliterates  the  umbilical  vein, 
obstructs  likewise  the  hypogastric  arteries,  and  thereby  diverts  the 
greater  part  of  the  blood  of  the  descending  aorta  from  its  foreign  course, 
and  applies  it  to  the  evolution  of  the  pelvis  and  inferior  extremities, 
which  were  hitherto  very  small  in  proportion.  This  truth  has  been  long 
known. 

3.  M.  Geoffroy  St  Hilaire,  by  an  extensive  series  of  inductions, 
drawn  from  the  dissection  of  monsters,  has  of  late  demonstrated,  that 
no  part  or  limb  can  ever  be  formed  in  an  animal  body,  unless  the 
nerve,  that  is  to  say,  the  portion  of  nervous  matter,  which  is  afterwards 
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to  animate  that  part  or  limb,  be  previously  formed,  and  deposited  there 
as  a sort  of  guide  or  modulus  for  the  ensuing  structure.  Hence  we  see 
the  purpose  for  which  the  best  blood  of  the  placenta  is  sent  almost  im- 
mediately to  the  brain  and  spinal  cord,  by  a new  cut  through  the  sep- 
tum of  the  heart,  and  by  great  trunks  passing  almost  undefended  along 
the  neck,  to  their  final  destination,  of  producing  by  this  highly  nutri- 
tious blood,  what  seemed  hitherto  a premature  evolution  of  the  nervous 
mass,  but  which  the  discovery  of  the  French  philosopher  proves  to  be 
merely  a necessary  preliminary  to  the  growth  of  the  other  parts. 
Hence  we  may  comprehend  at  once,  the  reason  of  the  enormous  head, 
and  tadpole  figure  of  the  fetus  and  embryo  ; we  can  explain  why  the  eye 
of  the  latter,  which  is  supplied  from  the  same  internal  carotid  that 
nourishes  the  brain,  appears  so  disproportionaUy  large  ; and  we  under- 
stand at  once  why  the  spinal  arteries  of  the  fetus,  which  draw  their  rich 
blood  from  a neighbouring  part  of  the  same  cerebral  system,  have  been 
traced  by  anatomists  to  the  most  extreme  filaments  of  the  cauda  equina  ; 
and  running  that  long  course,  as  if  to  secure  the  due  evolution  of  those 
nervous  rudiments  so  indispensable  to  the  completion  of  the  system. 

Hence,  also,  we  easily  understand  the  discovery  of  the  Wenzels,  that 
the  brain  does  not  increase  materially  either  in  size  or  weight  after  the 
seventh  year.  For  a growth,  which  may  almost  be  deemed  nature’s  pe- 
culiar' care  in  the  system,  which  commenced  so  early,  monopolized  the 
greater  part  of  the  more  nutrient  blood,  and  received  about  eight  times 
more  than  was  its  proportion  of  the  whole  mass,  must  needs  arrive  very 
early  at  maturity.  Besides,  this  apparent  prematureness  is  now  dis- 
covered to  be  necessary  for  the  due  evolution  of  more  recent  tissues. 

4.  Accordingly,  the  period  which  completes  the  nervous  centre,  forms 
a grand  era,  the  various  returns  of  which  seem  to  regulate  the  whole 
destinies  of  our  mortal  frame.  The  gravity  of  physiology  forbids  us  here 
to  join  issue  with  the  poets — 

" And  Samian  sounds  o’er  Scotia’s  hiils  convey.” 
but  I cannot  withhold  from  the  early  genius  of  Pythagoras,  the  praise  of 
having  here  made  a discovery  which  the  modems  have,  as  far  as  I know, 
passed  over  in  contempt  or  unmerited  silence. 

At  seven  years,  then,  the  brain  has  attained  its  utmost  volume.  At 
seven,  the  frontal  sinus  begins  to  be  evolved  ; the  bones  of  the  face  to  be 
enlarged  ; the  first  set  of  teeth  to  fall  out  ; and  at  seven,  the  power  of 
speech,  or  utterance  of  man,  has  become  sufficiently  perfect  for  his  wants  ; 
while  the  cranium  at  this  point  becomes  almost  stationary.  Pythagoras, 
who  discovered  that  nature  has  divided  the  life  of  man  into  periods  of 
seven  years,  has  merely  followed  her  indications  in  placing  his  first 
septennial  period  at  this  point.  Let  others  say  how  much  he  overrated 
the  importance  of  the  sacred  number  seven,  we  have  here  a fact,  the 
brain  ripened  in  its  period  of  seven  years,  and  a probability  suggested 
that  other  parts  may  be  completed  in  the  same  period  ; and  hence  may 
have  arisen  the  doctrine  of  his  school,  that  the  whole  body  is  renovated  in 
the  course  of  seven  years. 
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At  fourteeu,  the  body  has  attained  its  height,  and  puberty  ; the  shafts 
and  epyphyses  of  its  bones  have  become  united  ; the  voice  and  character 
manly  ; the  permanent  teeth  complete,  except  those  reserved  to  mark 
the  conclusion  of  the  third  septennial  period  ; the  acervulus  cerebri  is 
completely  lapidified.  As  the  seventh  year  marks  the  end  of  infancy,  so 
the  fourteenth  marks  the  termination  of  boyhood. 

At  the  twenty-first  year,  or  third  sei)tennial  period,  the  wisdom-teeth  and 
w'hiskers  appear  ; the  frontal  sinus  is  complete,  as  also  the  lower  jaw,  that 
instrument  so  necessary  for  the  comminution  of  his  food,  and  whose 
growth  proceeding  at  once  in  all  the  three  dimensions,  is  consequently 
slow  ; and  whose  period  of  increase  is  chiefly  from  the  end  of  the  first  to 
the  end  of  the  third  septennial  period.  This  the  Pythagon.'ans  called  the 
period  of  adolescence,  or  youth,  by  which  they  intimated  its  near  ap- 
proach to  that  state  in  which  aU  growth  ceases.  In  these  three  septen- 
nial periods,  Pythagoras  and  nature  evidently  coincide. 

The  fourth  septennial  period  is  chiefly  marked  by  the  strength  of  the 
beard  ; the  depth  of  the  voice,  and  a more  energetic  vigour  of  all  the 
functions.  Accordingly,  to  all  who  require  the  fuU  exercise  of  these 
powers,  the  superior  activity  and  energy  of  this  period  is  well  known. 
It  is  the  choice  of  the  military  and  naval  officer — the  lecti  juvenum  of 
. the  ancients.  This  acme,  then,  or  state  of  perfection,  commonly  expres- 
sed by  saying  the  person  is  “ rising  thirty,”  fixes  this  epoch  as  perfectly 
in  man,  as  a similar  state  is  well  known  to  fix  it  in  inferior  animals. 

The  fifth  septennial  period  is  marked  by  vibrissas  in  the  nostrils  ; by 
the  teeth  being  worn  ; by  the  slight  vTinkles  named  “ crow-toes,”  observ- 
able about  the  angles  of  the  eyes  ; by  the  whitening  of  some  hairs  in  the 
whiskers  ; by  the  depth  of  the  naso-angular  lines,  and  the  general  gravity 
of  the  countenance. 

The  sixth  period  in  man  seems  merely  to  confirm  these  changes  ; but 
in  woman  it  is  very  often  marked  by  the  suppression  of  the  catamenia,  in 
other  words,  by  the  termination  of  her  generative  life.  Indeed,  as  evo- 
lution is  now  at  an  end,  it  is  clear  that  our  observation  of  the  septennial 
periods  ought  to  stop  at  this  point,  at  least  with  man. 

The  seventh  septennial  period  is  generally  the  utmost  limit  of  the 
uterine  secretion,  and  it  is  that  at  which  all  nations  have  observed  an 
evident  decay  in  the  physical  powers  of  the  male.  Hence  the  proverb, 
“ he  walks  as  stiffly  as  a man  of  fifty  ;”  and  hence  also  the  age  of  the 
juvenes,  from  juvare  to  help,  was  by  the  constitutions  of  Ancus  Marcius, 
limited  in  the  Homan  army  to  the  ages  between  twenty -eight  and  fifty. 
(See  Censorinus,  de  Natali  die.) 

Into  the  fanciful  characteristics  of  the  eighth  and  ninth  septennial 
periods,  it  would  be  absurd  to  enter,  since  even  if  exact,  they  would  not 
indicate  terms  of  evolution  but  terms  of  decay  ; and  we  know  that  though 
Nature  preserves  the  periods  of  evolution  throughout  all  organic  life  with 
wonderful  exactness,  yet  she  allows  herself,  as  if  unwilling  to  destroy  her 
own  work,  an  inconceivable  licence  in  all  that  regards  the  period  of  de., 
cay.  The  oak  rises  from  an  acorn,  germinates,  and  puts  forth  its  flowers 
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and  new  acorns,  at  a constant  rate  or  lapse  of  time,  known  to  every  seeds- 
man and  forester;  but  the  term  of  its  decay  has  occasionally  been  extended 
to  more  than  eight  hundred  years  ; and  no  one  pretends  to  be  able  to  assign 
its  limits.  Even  man  has  extended  his  duration  to  a hundred  and  fil'ty. 
six  years,  a period  which  is  ahnost  three  times  that  of  the  ninth  period  or 
grand  climacteric  of  Pythagoras  ; and  beyond  which,  indeed,  his  follovcers 
contended  that  the  chance  of  life  was  extremely  small  ; so  unlimited  was 
their  acquiescence  in  the  powers  of  the  product  of  the  sacred  7,  multi- 
plied by  the  sacred  9.  A good  phj^siologist,  however,  will  not  reject 
the  truths  of  the  Pythagorean  septennial  periods,  as  far  as  they  regard 
the  terms  of  evolution  of  the  different  systems  that  compose  our  bo- 
dies, and  secure  their  reproduction,  because  a mighty  genius  has  failed 
in  attempting  to  carry  his  lights  into  that  secret  province  of  organic  de- 
cay, which  nature  stUl  continues  to  veil  from  the  eyes  of  the  moderns, 
notwithstanding  all  their  advantages.  It  was  indeed  an  error,  but  not 
more  ridiculous  than  the  theories  of  “ diminished  radical  moisture,”  “ eva- 
porated humidity,”  or  “ indurated  arteries,”  all  of  which  theories  of  ani- 
mal decay  have  found  strenuous  supporters  in  our  own  times. 

5.  When  an  organ  approaches  near  its  consummation,  its  veins  and 
absorbents  act  with  slowness,  because  impeded  by  the  superadded  tissue. 
The  arteries,  thus  resisted,  become  every  moment  less  energetic.  But 
the  bïood  which  was  recently  employed  in  depositing  this  new  fabric  will 
stUl  be  carried  along  the  great  trunks  leading  to  that  region  in  which 
the  new  part  was  placed,  and  will  first  find  its  way  into  the  bloodvessels 
in  the  vicinity  of  that  new  part.  This  is  no  wire-drawn  theory  ; it 
can  be  demonstrated  at  any  time,  and  upon  any  living  animal,  even  with- 
out the  assistance  of  hydrostatics,  from  the  simplest  principles  of  which 
science,  however,  it  may  easily  be  deduced.  V/hen  in  certain  menosta- 
tic  complaints,  ligatures  or  pressure  are  applied  to  the  arteries  of  the  ad- 
jacent limbs,  the  blood  is  immediately  forced  to  flow  into  the  affected 
parts,  and  often  removes  their  obstruction  instantly.  Ligatures  applied 
to  all  the  limbs  of  a patient  labouring  under  ague,  quickly  throw  the 
blood  upon  the  heart  and  deep  seated  trunks.  The  ligature  of  aneu- 
rism instantly  dUates  the  nearest  lateral  vessels,  and  up  to  these  exactly  > 
the  clot  extends,  as  if  in  order  to  prove  the  truth  of  our  proposition. 
This  indeed  no  body  doubts,  but  the  consequences  seemed  too  important 
to  be  left  to  the  mercy  of  cavillers. 

Thus,  when  the  vertebrals  and  internal  carotids  have  raised  the  cere- 
bellum and  brain  to  their  maximum,  a stagnation  ensues,  and  the  surplus 
blood  is  sent  by  the  external  carotid  artery  to  the  organs  of  the  face,  and 
the  outer  table  of  the  skull,  upon  which  it  is  ramified.  Hence  the  evo- 
lution of  the  bones  of  the  face,  and  of  the  frontal  sinus,  as  will  be  shown 
in  the  notes  at  page  601.  Hence  also  the  evolution  of  the  lower  jaw, 
with  the  ascent  of  those  permanent  teeth,  which  had  hitherto  lain  mo- 
tionless in  its  cavities.  Hence  also  the  commencement  of  the  acervulus 
cerebri,  in  the  pineal  gland,  at  the  same  time.  The  same  law  continues. 
The  stagnation  produced  in  the  arteries  of  the  face,  by  the  complex  sys- 
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tern  of  the  organs,  about  the  fourteenth  year,  is  made  manifest  by  the 
frequency  of  épistaxis  at  that  period  ; and  its  effects  are,  first,  local  deri. 
vaiion  to  the  larynx  and  mammae,  by  the  newly  increased  action  of  arte- 
ries belonging  to  the  same  series  ; and,  secondly,  consecixtive  derivatim,  to 
the  genitals,  through  the  connexion  of  the  internal  mammary  and  epigas^ 
trie  arteries,  which  many  circumstances  render  most  probable  ; or  by  the 
greater  quantity  of  blood  now  filling  the  abdominal  aorta;  or,  finally,  by 
sj^mpathy  of  the  genital  organs  with  the  mammae.  Where  arteries  anas- 
tomose, as  the  mammary  and-  epigastric,  authors  have  not  given  sufficient 
weight  to  the  correspondence  of  activity  which  must  always  take  place  in 
the  nerves  which  accompany  each  of  these  arteries.  Lastly,  each  of  these 
systems  approaching  completion  at  the  twenty -first  year,  and,  in  parti- 
cular,  the  system  of  the  lower  jaw,  which,  growing  according  to  all  the 
three  dimensions  of  the  face,  is  necessarily  the  slowest  of  completion  ; 
the  restagnant  blood  is  thrown  upon,  and  evolves,  the  still  latent  dentes 
sapientiae.  But,  from  the  depth  at  which  they  lurk  in  the  angle  of  the 
jaw,  and  the  nisus  formativus  becoming  now  confined  to  this  poHit  alone, 
action  and  reaction  may  here  be  expected  to  be  pretty  vehement  ; and^ 
accordingly,  the  fever  excited  is  often  considerable. 

From  a careful  view  of  the  principles  just  delivered,  it  seems  not  difficult 
to  explain  the  preference  almost  universally  given  to  the  right  over  the  left 
arm,  that  problem  about  which  so  much  has  been  written,  and  so  little 
understood.  The  blood  of  the  arteria  innominata  rises  at  a very  unfa- 
vourable angle  from  the  aorta,  and  nature  even  repeats  this  unfavourable 
obliquity  in  the  few  cases  wherein  she  brings  the  right  subclavian  imme- 
diately off  from  the  arch  or  descending  aorta.  Besides  the  advantage  of 
inclination,  the  left  subclavian  has  also  its  origin  much  nearer  the  limb 
to  be  supplied,  and  the  line  of  its  direction  is  more  nearly  coincident 
■with  the  axis  of  that  limb.  From  tins  view  one  would  think  that  the 
left  arm  should  have  its  nervous  system  first  and  most  fully  formed,  and  be 
in  most  persons  the  strongest,  whilst  in  reality  it  is  known  to  be  the  weak- 
est, and  the  least  employed,  among  the  great  majority  of  mankind.  But 
the  difficulty  vanishes  when  we  consider  that  this  left  member  enjoys  no- 
opportunity of  gaining  any  thing  by  that  stagnation  in  the  adjoining  ar- 
teries, which  results  from  completed  evolution.  Let  us  suppose,  for  in- 
stance, one  of  those  children  mentioned  by  the  Wenzels,  whose  brain  was 
almost  completely  developed  at  the  second  yecec.  In  the  right  com- 
mon carotid  of  that  child,  there  must  e-vidently  ensue  a correspond- 
ing stagnation,  with  a determination  of  the  blood  along  the  next  lateral 
branch,  namely,  along  the  right  subclavian  artery,  which  supplies  the 
right  arm.  Hence  must  inevitably  follow  an  increased  development  of 
the  nerves,  and  of  the  muscular  vigour  of  that  arm  ; consequently,  a pre- 
ference to  its  employment  in  every  new  motion,  the  most  trifling  of  ■which, 
requires  force,  prompt  obedience  to  the  ■wUl,  and  a steadiness  scarcely  at- 
tainable from  so  young  a learner.  When  he  is  able  suflleiently  to  com- 
bine these,  their  union  is  named  dexterity  by  adults,  because  it  is  gene- 
rally found  in  the  right  hand  ; but  the  child  cares  nothing  for  the  right 
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moi'e  than  for  the  left,  and  merely  employs  tliat  hand  which  produces  the 
desired  eifect  with  the  least  trouble.  The  ungainly  hand  may,  indeed, 
after  long  labour,  be  drilled  into  the  same  motion,  but  the  trouble  and 
time  which  this  consumes  affords  the  best  possible  reason  why  the  child 
never  attempts  it,  unless  compelled.  What  is  here  said  of  the  second 
year,  may  take  place  at  any  time  previous  to  the  seventh,  and  even  in  a 
few  heads  of  very  small  ^owth  or  larger  dimensions  it  may  happen  af- 
terwards. Nay,  as  children  are  often  bom  with  very  large  heads,  which 
yet  increase  but  slowly  afterwards,  it  may  easily  happen  that  this  rela- 
tive diminution  of  action  in  the  right  carotid  trunk  first  producing  com- 
parative stagnation,.and  afterwards  communicating  increased  energy  to  the 
subclavian  artery  of  that  side,  may  have  given  the  predomaiance  to  the 
right  arm  a considerable  time  before  birth  ; so  that  the  motions  of  the  m- 
fant  in  utero  might  be  more  vigorous  on  that  side.  It  is-only  from  observa- 
tion that  1 am  led  to  believe  the  preference  generally  commences  in  the 
first  years  of  infancy.  I may  perhaps  be  allowed  to  mention  as  an  ex- 
ample, that  I am  myself  what  is  vulgarly  called  ambidexter  ; yet  all  my 
left  hand  movements  are  such  as  I learned  before  the  seventh  year. 
Writing  was  of  this  number,  in  which,  indeed,  a careless  teacher  had 
allowed  me  to  proceed  a considerable  time,  before  he  observed  my  sinister 
prbpensities  in  this  necessary  art,  and  compelled  me  to  employ  the  right 
hand.  In  winding,  spinning  and  lifting  the  peg-top,  an  acquisition  which, 
I have  the  means  of  certifying,  was  made  within  the  seventh  year,  I 
employed  both  hands  alternately,  contrary  to  the  general  practice  ; the 
theory  of  arhicfa,  no  doubt,  is,  that  the  augmentation  oftiie  right  arm  was 
then  begun,  and  that  former  habit,  and  present  power,  stnvggled  together 
for  predominance,  and  ended  by  dividing  the  movements  between  them. 
Had  the  head  continued  small,  the  tendency  to  use  the  left  hand  miglrt 
have  continued  for  life,  or  the  force  of  habit  alone  might  have  retained  it 
•in  spite  of  the  greater  power  cf  the  right  arm.  On  the  contrary,  had 
the  brain  come  earlier  to  its  maximum,  the  narrator  might  never  have 
noticed  any  tendency  to  use  the  left  arm,  nor  ever  hav^e  thrown  a ball  or 
chucked  a marble  through  its  mediation.  It  is  no  solid  olyeotion  to  this 
theory,  that  the  right  foot  is  preferred  as  well  as  the  right  arm.  ]Vf. 
Coulomb  has  shewn,  that,  in  every  considerable  effort,  animals  employ 
their  weight  as  weU  as  their  muscular  force  4 and  man  cannot  do  this 
with  respect  to  the  right  arm,  without  also  employing  the  right  leg  at 
the  same  instant,  otherwise  Ire  would  lose  the  benefit  of  half  the  momen- 
tum of  his  own  weight  ; and  also  of  the  solid  fulcrum  necessary  to  the 
support  of  the  more  effective  arm. 

Further,  it  has  been  observed  by  some,  that  left-handed  persons  often 
exhibit  some  peculiarity  in  their  intellect,  w'hether  of  excess,  defect,  or 
eccentricity  of  talent.  For  this  I should  be  sorry  to  vouch,  nay,  would 
be  unwilling  to  allow  to  it  more  weight  at  present  than  to  the  French 
adage,  which  asserts  that  the  three  B’s,  the  Borgne,  the  Bossu,  the  Boiteux, 
are  all  clever  ! The  notion  is  probably  derived  from  their  often  proving 
troublesome  adversaries  in  brawls  ; but  should  the  fact  be  otherwise,  it 
aditiits  of  obvious  explanation  from  the  views  just  delivwed. 


6.  The  obliteration  of  the  foramen  ovale  and  ductus  arteriosus  in- 
creases  the  quantity  of  blood  sent  through  the  lungs,  while  it  lessens  the 
force  of  the  right  side  of  the  heart.  The  first  inspiration  expands  the 
lungs,  so  that  more  blood  flows  into  the  pulmonary  branches.  The  vena 
cava,  deprived  of  its  auxiliary  current  from  the  placenta,  now  sends  less 
and  less  blood  through  the  foramen  ovale,  which  soon  becomes  shut,  from 
its  valve  being  pressed  up  against  it  by  the  great  quantity  of  blood  returned 
from  the  lungs  into  the  left  auricle.  This  blood,  largely  impregnated 
with  the  new  stimulus  of  oxygen,  excites  the  left  auricle,  left  ventricle, 
aortal  system,  to  much  gi'eater  energy  of  action  than  they  formerly 
displayed,  so  that  the  column  of  blood  overcomes  the  restagnation  of  the 
abdommal  aorta,  obstructs  the  weak  current  of  the  ductus  arteriosus, 
which,  being  of  conical  form,  soon  becomes  clotted  up  at  the  point  of 
concourse  ; and,  finallrq  raises  the  heat  of  the  new  animal.  Meanwhile, 
the  obstruction  of  the  ductus  arteriosus  merely  serves  to  turn  the  whole 
blood  of  the  pulmonary  artery  into  the  lungs,  soft  and  spongy  organs,  the 
resistance  of  which  presents  no  hnpediment  or  stimulus  to  the  right  cavi- 
ties, equivalent  to  that  which  the  whole  mass  of  the  body  opposes  to  the 
left  ventricle.  Hence  the  oblong  form,  the  massive  walls,  and  powerful 
columnæ  cameæ  which  it  gradually  acquires  ; while  the  right  ventricle, 
retaining  almost  its  original  figure,  appears,  at  least  in  the  lower  animals, 
somewhat  like  a thin  pouch  attached  to  the  exterior  of  the  left  ventricle, 
now  considerably  longer,  as  well  as  of  greater  strength.  In  the  fetus,  their 
strength,  dimension,  and  action,  was  almost  the  same  : indeed,  one  lead- 
ing use  of  the  fetal  peculiarities  is  to  unite  the  impulse  of  the  two  ven- 
tricles in  the  aorta,  in  order  that  the  two  distinct  circulations  of  the  body 
and  of  the  placenta  may  be  vigorously  supported  by  means  of  a double 
heart. 

a,  P.  512.  Formerly  (1788)  Dr  Handy  succeeded  in  passing  injec- 
tions from  the  maternal  vessels  into  the  cord  : and  more  lately  Professor 
Tiedemann  has  been  equally  successful  with  the  prussiate  of  potass. 
Should  positive  or  negative  experiments  have  most  weight  here  ? per- 
haps the  former,  though  the  many  sources  of  eiTor,  at  least  in  Dr  Handy’s 
experiments,  render  the  logical  rule  of  unam  affirmationem  mille  negationes 
valere,  somewhat  doubtful  here.  On  the  other  hand,  it  appears  that  the 
ingenious  Dr  Williams,  of  Liverpool,  has,  withhi  this  present  year,  re- 
peatedly succeeded  in  passing  oil  from  the  maternal  into  the  fetal  vessels. 
The  experiments  were  many  times  reiterated,  in  the  presence  of  Drs 
Traill,  Bostock,  Boget  ; and  failed  much  less  frequently  than  the  ave- 
rage of  other  physiological  experiments. — Edin.  Med.  and  Surgical  Journ. 
Jan.  1826,  p.  87* 

a,  P.  515.  Dr  Jeffrey,  the  present  learned  Pi'ofessor  of  Anatomy  in 
the  Ltniversity  of  Glasgow,  relates  in  his  inaugural  essay  De  Placenta, 
•p  41.  an  experiment  which  seems  to  prove  that  the  blood  returned  from 
the  placenta  is  arterial,  Avhilst  that  sent  along  the  cord  to  it  by  the  ar- 
teries is  venous.  He  secured  the  umbilical  cord  of  a newly  bom  infant, 
whilst  it  lay  in  the  mid)vifc’s  lap,  by  three  ligatures  ; and  then  separated 
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it  from  the  umbilicus  by  incision.  On  puncturing  respectiv'ely  the  vein 
and  arteries  which  compose  it,  he  found  that  the  blood  of  the  vein  was 
scarlet,  that  of  the  arteries  of  a modena  colour  : “ Hie,  sanguinis  in  adulti 
arteriis  more,  moide  florehat:  Ille,  venosi  sanguinis  instar,  nigricahat."  As, 
hoAvever,  many  learned  and  dexterous  operators  have  totally  failed  in 
this  experiment,  and  as  Dr  Jeffrey  took  time  to  dissect  away  the  gela- 
tmous  matter  of  the  cord,  though  it  is  well  known  that  a ligature  for  a 
smgle  half  hour  over  a vem  renders  its  blood  fibrinous,  and  almost  arte- 
tial.  Dr  William  Campbell,  a learned  and  ingenious  lecturer  on  midwifery 
in  this  city,  has  verified  the  experiment  of  Dr  Jeffrey  by  varied  and  careful 
repetition.  He  avoids  the  consequence  of  slow  dissection,  by  plunging  his 
hmcet  at  once  into  tlfe  umbilical  vein,  which  is  easily  recognised  by  its 
great  size,  and  which  therefore  allows  the  hypogastric  arteries  to  be 
distinguished  with  equal  ease.  Dr  Campbell  finds  the  blood  of  the  vein 
constantly  of  a bright  red  ; whilst  that  of  the  arteries  is  dark,  like  the 
blood  of  veins.  In  his  letter  to  me  of  November  3.  1830,  he  attributes 
the  scepticism  of  physiologists,  on  this  point,  to  the  small  quantity  flow- 
ing in  the  umbilical  cord  of  cats,  rabbits,  &c.  ; which  would  certainly 
prevent  any  accurate  discrimination  of  colour  bemg  observed. 

a,  P.  51 7.  See  an  indubitable  case  of  Superfetation  in  Dr  EUiotson’s 
excellent  translation  of  Blumenbach,  p.  371. 

a,  P.  522.  In  Dr  Corden  Thomson’s  experiments  upon  human  heat, 
it  was  found  that  there  is  no  difference  whatever  between  the  heat  of  a 
waking  and  a sleeping  man  (P.  ult  );  but  that,  in  those  hours  wherein 
sleep  usually  takes  place,  namely,  from  12  p.  m.  till  morning,  particularly 
in  summer  (for  in  winter  it  is  little  changed),  the  heat  falls  about  1 de- 
gree ; and  this,  the  Doctor  thinks,  may  account  for  the  mistake  of  J- 
Hunter,  who  says  {An.  Econ.  101.)  “ when  a man  is  asleep  he  is  colder 
than  when  he  is  awake, — the  difference  in  general,  I find,  is  1 ^ degrees 
more  or  less.”  It  must  be  confessed,  however,  that  in  sleep  the  power 
of  resisting  cold  is  less,  and  therefore  a sensation  of  cold  usually  perceived 
when  awaking  from  sleep,  may  easily  have  given  rise  to  the  notion  of  ouf 
absolute  cold  also  being  increased,  i.  e.  of  our  heat  being  diminished. 

a,  P.  523.  Sleep-walkers  afford  a most  perplexhig  object  of  study, 
Their  state  seems  to  be  a compound  of  temporary  mania,  revery,  and 
actual  sleep  ; but  as  we  have  never  been  able  to  ascertain  the  exact  state 
of  the  mind  in  any  one  of  these  conditions,  it  can  hardly  be  expected 
that  we  should  be  able  to  explain  that  which  is  compounded  of  them  all. 
1'here  is  no  one  of  the  five  external  senses,  which  sleep-walkers  have 
not  been  observed  to  enjoy,  or  to  want,  during  the  paroxysm  : of  the  in- 
ternal senses,  the  imagmation  seems  the  most  vivid,  the  judgment  the 
weakest.  Dr  Hibbert  (Theory  of  Apparitions)  beautifully  explains  the 
laws  of  sleep,  in  all  its  modes,  by  the  variations  in  the  relative  intensity 
of  sensations  and  ideas,  produemg  different  degrees  of  consciousness  to 
external  objects. 

b,  P.  523.  An  ingenious  Theory  of  Sleep,  founded  on  chemical  prin- 
ciples, has  lately  been  promulgated.  In  sleep,  it  is  said,  the  bieathing 
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becomes  slower,  less  carbon  is  given  out,  and  consequently,  some  of  it* 
compounds,  carburetted  hydrogen^  or  carbonic  oxide,  or  carbonic  acid,  accu< 
mulates  in  the  vascular  system,  and  in  the  course  of  circulation  is  ap- 
plied to  the  brain.  But  all  these  gases  are  notoriously  soporific,  and  will 
avail  to  keep  the  person  asleep.  But  how  is  he  first  put  asleep,  or  even 
rendered  sfecpy?  Nothing  is  plainer,  reply  our  theorists.  I'he  exhaus- 
tion of  the  diurnal  stimulation  and  exercise  reduce  the  irritability  to 
that  point,  where  the  stimulus  imparted  by  external  objects  is  just  suffi- 
cient to  keep  him  awake.  Then  the  man  is  said  to  be  sleepy  ; and  it  is 
aU  one  whether  we  add  a little  to  the  exhaustion  by  a sedative,  or  sub- 
tract a little  from  the  stimulus  ; — in  either  case  the  equilibrium  is  over- 
set, the  excitement  of  the  external  world  no  longer  balances  the  excita- 
bility, and  of  course  is  not  felt  : in  other  words,  the  man  is  said  to  be 
asleep.  Now,  before  actual  sleep,  both  pulse  and  breathing  are  slower, 
from  the  previous  exhaustion  ; therefore  carbon  is  accumulated  in  one 
or  other  of  its  soporific  combinations  ; but  the  sedative  effect  of  this, 
added  to  the  previous  exhaustion,  easily  depresses  the  excitability  below 
that  point  where  mundane  irritants  can  affect  the  body.  It  lulls  him  to 
sleep.  As  to  the  phenomena  of  sleep,  we  no  more  ought  to  expect  to  be 
able  to  explain  them,  than  any  of  the  effects  of  any  other  sedative  upon 
the  brain.  They  are  aU  the  result  of  the  peculiar  sensibilities  of  that 
organ,  which  are  stül  but  vaguely  understood.  Again,  it  may  be  asked, 
how,  since  this  carbonic  sedative  goes  on  increasing,  does  the  sleeper, 
after  a certain  period,  awake  ? ought  not  his  sleep  to  grow  deeper  and 
deeper  ? Quite  otherwise,  it  is  answered.  During  sleep,  the  nutritive 
process  is  busily  at  work  to  repair  the  irritability  lost  through  the  day  ; 
and  being  now  undisturbed  by  the  external  world,  soon  accomplishes  its 
task  ; but  in  such  a manner  that  the  sum  of  the  excitability,  old  and 
new,  is  made  more  than  necessary  to  counterbalance  the  sedative  in- 
fluence of  the  gas,  becomes  therefore  again  available  to  the  external 
world,  which  stimulates  it,  and  is  PERCEiVED.--^Ace  Hibbert  on  Appa- 
ritions. 

“ There  exists,”  says  Treviranus,  in  his  Biologie,  “ a peculiar  internal 
stimulus  proper  for  each  individual  nerve  alone,  by  the  action  of  which, 
the  nerve  becomes  excited  to  the  same  reactions,  as  are  produced  by  ex- 
ternal stimuli.  When  the  stimuli  act  upon  the  nerves  of  sense,  phan- 
toms arise  which  no  external  influence  can  put  down.  Hysterical  and 
hypochondriacal  persons  see  frequently  in  the  evening,  and  with  their 
eyes  shut,  and  just  going  to  sleep,  sometimes  even  by  day,  and  with  their 
eyes  open,  all  kinds  of  forms  and  images,  which  affect  them  in  so  lively  a 
manner,  that  they  are  scarcely  to  be  distinguished  from  the  impression 
of  external  objects. 

“ Similar  phantoms  appear  in  the  organs  of  sense,  wherever  a strong 
stimulus  has  operated  upon  them,  and  then  the  influence  of  another  sti- 
mulus is  withlield  from  them.  This  is  most  remarkable  in  the  optic 
nerve.  These  coloured  phantoms  demonstrate,  that  in  those  nerves, 
after  every  stimulation,  there  arise,  not  merely  a single  action,  but  many 


NOTES. 


601 


in  succession,  the  one  produced  by  the  other.  In  the  nervous  disease  of 
]Moses  Mendelsohn,  the  tones  which  he  had  heard  in  the  daytime  re- 
sounded in  his  ears  throughout  the  whole  night.”  V.  p.  374-375. 

Mr  W.  Brande  has  lately  demonstrated  that  every  ounce  of  blood  con- 
tains at  least  two  cubic  inches  of  carbonic  acid  gas  ; and  Doctors  Prout 
and  Fyfe,  that  the  quantity  exhaled  from  the  lungs  varies  according  to 
the  friod  and  drink  and  the  times  of  the  day.  But  as  both  the  carbon  passed 
off  by  the  lungs,  and  the  carbonic  acid  cfrculating  in  the  blood,  must  be 
furnished  by  the  same  chyle,  it  is  probable,  that  when  the  pulmonary 
carbon  is  diminished,  the  sanguineous  carbon,  or  combination  of  carbon, 
is  proportionally  increased.  Now  the  twelve  hours  of  the  day  in  which 
the  carbonous  excretion  is  least,  fall  between  nine  at  night  and  nine  of 
the  morning,  the  most  natural  season  of  rest  ; and  it  seems  quite  ob- 
vious to  conclude  that  it  becomes  so,  merely  on  account  of  the  increased 
quantity  of  carbonic  acid  retained  in  tbe  system.  Infants  and  hybernat- 
ing  animals  confirm  the  same  view  ; since  the  former  possess  only  (see 
note,  p.  404.)  carbonated  blood,  the  latter  have  a slower  respiration,  in- 
capable of  giving  out  the  necessary  quantity  of  carbon.  Hence  both 
sleep  soundly, — since  there  occur  no  changes  in  the  irritability  or  in  the 
supply  of  nutrition,  rude  enough  to  awaken  them. 

a,  P.  524.  Sir  Harry  Halford,  in  the  medical  communications,  has  an 
account  of  a singular  affection,  which  he  denominates  the  disease  of  old 
age,  consisting  of  an  universal  languor  and  inertness  of  the  functions, 
without  any  manifest  cause,  and  from  which  they  sometimes  recover  not 
less  unaccountably.  But  what  is  most  wonderful,  is  the  entire  immunity 
of  the  female  sex  from  this  malady.  The  adage,  vetula  corvo  annosior,  is 
familiar  ; but  it  was  hardly  to  be  expected  that  its  subjects  would  escape 
a disease  arising  from  old  age,  a state  which  never  fails  to  bring  debility, 
at  last,  to  aU  ; but  which  in  them,  by  its  longer  duration,  might  be  ex- 
pected to  have  a fairer  opportunity  of  producing  its  specific  effects.—. 
Med.  Trans,  iv.  314, 


TABLE  OP  THE  DIMENSIONS  OF  THE  BRAIN. 

The  following  Observations  and  Tables  have  been  given  to  supply 
what  is  in  vain  sought  for  in  any  English  book, — namely,  accurate  esti- 
mates  of  the  size  and  development  of  the  various  distinct  parts  which 
compose  the  human  brain.  Modem  experiment,  as  will  appear  by  the 
text  at  page  192,  and  several  others  of  the  present  work,  has  in  many 
cases  discovered  the  influence  exerted  independently  by  each  of  these  on 
the  various  functions,  and  it  is  not  improbable  that,  by  more  accurate  de- 
scription, differences  indicating  the  degree  of  these  influences  may  at  length 
be  detected.  The  eye  does  not,  indeed,  become  greater  or  less  by  its  ac- 
tion, but  it  acquires  a rapidity  of  motion  and  a liveliness  of  expression 
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when  much  exercised  ; and,  in  a manner  somewhat  similar,  even  in  these 
nodules  of  the  brain  which  exert  great  activity  without  acquiring  an  in- 
crease of  size,  it  may  be  useful  to  have  it  in  our  jiower  to  know,  that 
tliere  has  not  been  any  diminution  of  volume,  and  that  their  greater  vas- 
cularity, prominency,  or  firmness,  have  a relation  to  their  activity.  The 
measure  is  in  Wirtemberg  inches,  which  are  to  English,  as  11.45  to  12. 

IVith  a similar  view,  we  have  taken  some  pains  ourselves  to  ascertain 
the  dimensions  of  the  external  coverings  of  the  brain  (p.  552),  and  Dr 
Monro’s  Tables  give  almost  every  thing  that  is  wanted  for  the  measure- 
ment of  the  naked  cranium — See  Elements,  i.  p.  203,  and  Stone's  Evidences 
ae/ainst  Phrenology,  p.  33. 

The  greatest  obstacles  to  our  forming  coiTect  ideas  of  the  relative  de- 
velopment of  those  influential  nodules  of  the  brain  in  a living  man  is  the 
unequal  thickness  of  the  cranial  bones,  and  the  variations  of  the  frontal 
sinus.  Delicate  limbs,  and  a feminine  aspect,  are  said  to  indicate  a thin,  or, 
at  least,  not  a thick  skull  ; whilst  high  cheek-bones,  coarse  features, 
strongly-developed  muscles,  and  prominent  condyles  and  joints,  are  com- 
monly combined  with  considerable  thickness  of  the  cranium.  Abstract- 
ing a few  exceptions,  so  rare  as  not  to  merit  notice  in  a general  remark, 
the  errors  from  this  inequality  scarcely  ever  atfect  our  conclusions  be- 
yond the  fourth  part  of  an  inch. 

But  the  frontal  sinus  is  more  difficult.  Sometimes, — {Mmro,  El. 
i.  133,  134),— perhaps  once  in  every  fifteen  skulls,  it  is  not  present.  In 
eight  skulls  having  the  sinus  evidently  large,  the  average  depth,  or  dis- 
tance of  the  tables  which  constituted  it,  was  1 i inches  English,  and  one 
was  so  enormously  deep  as  2|  inches.  A sinus  of  | of  an  inch  m depth 
is  rather  small,  and  | is  a medium.  But  what  is  the  cause  of  these  va- 
rieties, and  how  are  we  to  estimate  their  extent  in  a living  body  ? It 
must  be  remarked,  that  aU  tabular  bones,  at  their  fines  of  contact  with 
other  bones,  change  the  relative  position  of  their  laminae.  The  sole  pur- 
pose, indeed,  for  which  they  are  made  double,  is  to  adapt  their  two  as- 
jiects  to  the  very  different  parts  -«'herewith  each  is  in  contact.  The  outer 
plate  of  the  frontal  rides  upon  the  lower  plate  of  the  parietals  in  the  sum- 
mit, and  the  outer  plate  of  the  parietals  on  the  inner  plate  of  the  frontal 
bone,  at  the  sides  of  the  coronal  suture.  The  two  plates  of  the  same  parie- 
tal approach,  and  form  an  acute  edge,  to  receive  the  oblique  margm  of  the 
squamous  portion  of  the  temporal  bone  ; the  occipital  dilates  its  plates  m 
the  hard  cuneiform  process,  to  receive  a continuation  of  the  sphenoidal 
or  frontal  sinus.  The  same  occipital  withdraws  its  tables  from  each 
other  to  form  the  condyle  that  is  to  articulate  with  the  atlas,  and  the 
temporal  bone  widely  separates  its  osseous  from  its  vitreous  table,  while 
forming  the  mastoid  process,  and  the  root  of  that  z3'goina,  wliich  has  to 
support  the  violent  motions  of  the  lower  jaw.  In  all  of  these  instances, 
the  inner  or  virteous  table  performs  uniformly  one  office  ; it  closely  fol- 
lows and  embraces  the  figure  of  the  brain,  receivmg  the  impression  of 
every  convolution,  and  penetrating  into  evei-y  fissure  with  as  much  ex- 
actness, though  not  quite  so  deeply,  as  the  membranes  themselves. 
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Meanwhile,  the  external  table  is  no  more  a mere  organ  of  defence  than 
the  muscles  which  cover  it  ; it  is  an  organ  of  co-aptation  or  articulation  ; 
and,  accordingly,  is  found  to  be  impressed,  elevated,  and  configurated,  en- 
tirely according  to  the  necessities  of  this  adaptation.  Hence  that  line 
of  it  which  corresponds  to  the  transverse  suture  of  the  face  is  exactly 
adapted  to  the  bones  of  the  opposite  margin  of  this  suture,  being  thick 
where  they  are  thick,  thin  where  they  are  thin,  serrated  where  they  are 
serrated,  and  harmonic  where  they  assume  this  appearance.  It  exhibits 
no  relation  to  the  inner  table  till,  being  again  turned  inw^ards  along  the 
roof  of  the  orbit,  it  reapproaches  and  coincides  with  it  to  form  tlie  thin 
edge,  that,  like  another  squamous  portion,  is  to  ride  on  the  alae  minores 
of  the  sphenoid  bone.  The  external  table,  then,  of  the  f rontal  bone  is  in  rea- 
lity a bone  of  the  face.  Hence  its  development  or  growth  depends  entirely 
upon  the  growth  of  the  bones  of  the  face  ; for  it  has  never  been  seen  nar- 
rower or  broader  than  the  distance  from  the  external  orbitar  process  of 
the  one  malar  bone  to  the  other,  nor  placed  so  close  to  the  intenial  table, 
and  crista  galli,  that  it  was  overlapped  by  the  bones  of  the  nose,  or  by 
the  superior  maxillary  and  malar  bones.  It  follows,  then,  from  what  is 
said  above,  that  the  development  of  the  inner  table  of  the  skull,  and,  conse- 
'quentl}^  of  the  frontal  bone,  follows  the  development  of  the  brain  ; but  the  de- 
velopment of  the  external  table  of  the  frontal  bone  follows  the  development  of 
the  bones  of  the  face.  Now,  the  brain,  we  have  seen,  arrives  at  its  full  size 
in  the  seventh  year  ; which,  therefore,  is  the  period  of  completing  the  de- 
velopment of  the  internal  table  of  the  frontal  bone.  But  the  bones  of 
the  face  continue  growing  to  at  least  the  twenty-first  year  ; and  hence  it 
is,  that  anatomists  find  the  dimensions  of  the  frontal  sinus  go  on  increas- 
ing to  that  year  ; and  the  same  authors  generally  find  the  sinus  commence 
at  the  seventh  year,  because  that  is  the  time  at  which  the  nutritious  ar- 
teries of  the  internal  table  cease  to  do  more  than  support  its  vitality. 
Suppose  that  the  day,  or  week,  or  month,  after  this  has  happened,  a line 
in  length  and  a line  in  breadth,  is  about  to  be  added  to  the  external  table 
by  the  arteries  ; in  order  to  preserve  its  congruity  with  the  transverse  su- 
ture, which  is  still  growing,  it  is  manifest,  that  the  arteries  which  make 
this  new  interposit  must  lay  down  their  bony  matter  a line  farther  for- 
ward than  before  ; while  the  absorbents,  whose  modelling  action  necessa- 
rily accompanies  deposition,  will  remove  that  part  which  was  in  contact 
with  the  diploe  from  the  now  fixed  vitreous  table,  in  which  no  corres- 
ponding tendency  to  continue  the  union  by  diploe  will  be  excited,  even 
should  points  of  diploe  be  thrown  out  by  the  still  continued  formative 
efforts  of  the  vessels  of  the  external  table.  Nay,  these  efforts  soon  must 
become  abortive  from  another  cause.  Bichat  has  shown,  that  the  cells  of 
diploe  are  without  any  membranous  lining — its  plates  are  ' themselves 
bony  membranes.  When,  therefore,  the  arteries  of  the  anterior  table  ad- 
vance its  position  forwards,  to  make  it  coincide  with  the  nasal  bones,  an 
opening  is  offered  behind,  into  which  creep  the  vessels  of  the  Schneide- 
rian  membrane,  which  is  in  immediate  contact  at  this  point,  and  its  ves- 
sels irritated  by  the  change  of  position,  and  at  the  same  time  equally  rapid 
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in  their  depositing  action  with  the  vessels  of  the  external  table.  Hence 
a membrane  is  speedily  shot  into  the  nascent  hollow,  or  sinm,  which,  at- 
taching itself  to  the  outer  aspect  of  the  vitreous  table,  and  the  inner  aspect 
of  the  osseous  table,  forms  an  insurmountable  obstacle  to  the  rudest  diploe 
that  might  join  these  two  layers.  For  it  is  a mucous  membrane,  a class 
of  tissues  which  scarcely  ever  form  adhesions,  and  is  here  almost  a shut 
sac,  whose  sides  are  every  day  brought  farther  and  farther  asunder. 

I would  rather  say,  that  it  is  a similar  penetration  of  this  mucous  mem- 
brane that  forms  the  other  cavities  in  the  bones  of  the  face,  than  that  this 
cavity  of  the  forehead  is  formed  according  to  the  model  and  for  the  same 
uses  as  those  of  the  face  ; though  both  views  are  in  some  measure  true. 
These  cavities  augment  the  sound  of  the  voice,  and,  by  rendering  the 
bones  hollow,  equipoise  the  occipital  prolongation  so  nearly  upon  its  con- 
dyles, that  a small  weight  is  often  sufficient  to  turn  the  balance.  To 
man  alone  are  given  posterior  lobes  of  the  brain,  and  he  alone  requires  a 
projection  of  the  anterior  lobes,  and  corresponding  facial  bones,  to  balance 
the  former, — a state  rendered  imperatively  necessary  by  his  erect  posi- 
tion ; but  had  those  facial  bones  been  solid,  a useless  weight  of  three  or 
four  pounds  would  have  been  superadded,  producing  a most  injurious 
preponderance,  and  defeating  the  ends  of  nature. 

Thus,  then,  we  have  the  true  theory  of  the  frontal  sinus,  and  it  be- 
comes easy  to  explain  what  have  hitherto  been  named  anomalies.  It  is 
sometimes  absent,  because  the  mucous  membrane  has  been  unable  to 
thread  the  very  small  passage  opened  for  it,  almost  in  the  same  way,  that, 
although  lined  with  raucous  membrane,  we  occasionally  meet  with  imper- 
forated Fallopian,  Eustachian,  and  auditory  tubes;  or  because  the  develop- 
ment of  the  face,  at  least  of  its  upper  part,  has  been  insignificant  after 
the  seventh  year  ; or,  in  some  rarer  instance,  because  the  brain,  and 
therefore  the  vitreous  table,  has  continued  to  grow  after  the  seventh 
year.  Or,  as  in  two  cases  seen  by  Dr  Monro  {Elements  of  Anatomy,  vol.  i. 
pp.  133,  134),  the  mucous  membrane  being  denied  a passage,  and  the  two 
plates  growing  in  unison,  as  before,  there  exists  no  reason  why  diploe 
should  not  be  formed,  as  formerly,  and,  according!}-,  it  is  sometimes  formed. 
“ The  skuUs  were  as  thick  as  if  the  frontal  sinuses  had  been  present,  for 
the  space  between  the  tables  was  filled  up  by  a cancellated  structure.” 
The  persons  were  old,  and  time  may  have  contributed  the  assistance  here 
■which  it  is  known  to  yield  towards  the  regeneration  of  canceUi  in  the 
new  bones  of  necrosis  ; but  mucous  membrane  is  incompatible  with  diploe 
or  cancelli;  and,  if  once  present,  would  scarcely  disappear.  The  im- 
mense crania  produced  by  chronic  hydrocephalus,  in  which  the  bones  of 
the  face  remain  small,  afford  an  admirable  test  of  this  doctrine. 

Universally,  the  sinus  should  perhaps  be  expected  to  be  large  when 
the  bones  of  the  face  are  large,  and  the  forehead  high  ; but  any  one  di- 
mension,— its  depth,  for  example, — will  depend  upon  the  development 
and  prominence  of  the  parts  of  the  face  towards  which  that  line  tends  ; 
the  breadth  most  where  the  cheek-bones  are  wide  ; and  the  height  greatest 
when  the  forehead  is  erect  and  elevated.  And,  inversely,  when  these  di- 
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menslons  of  the  face  are  small,  a corresponding  diminution  of  the  mea- 
sures of  the  sinus  may  be  expected,  and  where  one  of  these  promises  to 
be  very  great,  it  is  probable  that  some  other  one  may  be  found  smaller 
in' proportion.  The  difficulty  of  the  frontal  sinus  will,  in  a good  measure, 
vanish  on  a right  application  of  this  view  ; and,  though  it  evinces,  most 
unanswerably,  the  absurdity  of  that  theory  which  seeks  for  indications  of 
the  configuration  of  the  brain  in  the  external  table,  yet  will  it  much 
assist  us  in  determining  the  true  magnitude  of  the  inner  table  in  the 
living  subject,  and  thereby  enable  us  to  judge  of  the  development  of  the 
anterior  lobes,  and,  it  may  be,  of  their  influence  upon  the  disordered 
functions  we  are  called  upon  to  restore. 

The  Latin  is  retained  in  the  Tables,  because  the  names  of  the  animals 
mentioned,  not  being  systematic,  some  inaccuracy  might  be  suspected 
were  they  either  exchanged  for  the  English  names,  which  are  often  very 
indefinite,  or  for  the  systematic  appellations  of  Linnæus  or  Cuvier. 


November  8,  1828. 
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AETAS  ANTE  ET  POST  NATIVITATEM. 
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TABULA  TERTIA  ». 

CEHEBRI  GENERATIM,  CEREBELU  ET  CEREBRI  8PECIATIM,  PONDUS,  A 
STATU  EMBRYONIS  USUUE  AD  DECREPITAM  HOMINIS  AETATEM. 
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24120 

21480 

2640 

8/r  : 1 

Vir  quadraginta  sex  annorum, 

20490 

18060 

2430 

7|f  : 1 

Vir  quinquaginta  quatuor  annorum. 

20580 

18270 

2310 

fV  2 1 0 , 1 

•231  • ^ 

Vir  quinquaginta  sex  annorum,  - 

22590 

20070 

2520 

78  1 . ] 

•84  • ^ 

Vir  sexaginta  trium  annorum. 

22500 

19780 

2720 

7-^-7-  • 1 

Vir  septuaginta  duorum  annorum. 

22620 

20200 

2420 

Oi  2 1 • 

Vir  octogenarius,  ... 

19080 

16500 

2580 

^51  .1 

Vir  octoginta  octo  annorum, 

23970 

21210 

2760 

76  3 .1 

TABULA  QUINTA. 


RATIO  INCREMÊNTI  CEREBRI  AD  INCREMENTUM  RELIOUI  CORPORIS, 
IN  PU  LEO  GALLINACEO,  A SEXTO  USQUE  AD  VIGESIMUM  PRIMUM 
INCUBATIONIS  DIEM. 


Dies  incubationis. 

Pondus 
totius  corporis. 

Pondus  cerebri. 

Ratio  ponderis 
cerebri  m pondus 
totius  corporis. 

Dies  sextus. 

Grana, 

8 

Grana. 

1 paulo  amplius. 

1 : 24 

Septimus, 

14 

1 circiter. 

1 : 18A 

octavus,  - 

20 

1 paulo  amplius. 

1 : 20 

nonus. 

33 

2 

1 : 164 

decimus,  - 

30 

2 

1 : 15 

undecimus, 

60 

3 

1 : 20 

duodecimus. 

76 

3 paulo  amplius. 

1 : 26 

decimus  tertius, 

90 

4 

1 : 224 

decimus  quartus. 

133 

6 

1 : 221 

decimus  quintus. 

152 

6 

1 : 254 

decimus  sextus. 

210 

8 

1 : 261 

decimus  septimus, 

245 

11  non  plene. 

1 : 22i 

decimus  octavus. 

313 

11 

1 : 28 

decimus  nonus,  - 

336 

12 

1 : 28 

vigesimus, 

365 

m 

1 : 31| 

vigesimus  primus. 

612 

12 

1 : 51 

• This,  as  well  as  the  preceding  Tables,  are  extracted  from  the  " Penitior  Cerebri  Structura,”  of 
(he  Wenzels.  They  are  highly  valuable. — See  Notes,  p.  553. 
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TABULA  QUARTA. 

PONDUS  TOTIUS  CEREBRI,  CEREBRI  AC  CEREBELLI  IN  SPECIE,  IN 
VARUS  QÜADRUPED1BUS  ET  VOLUCRIBÜS. 


QUADRUPEDES  ET  VOLUCRES. 

Pondus  totius 
cerebri. 

Pondus  cere- 
bri. 

Pondus 

cerebelli. 

Ratio  cerebri  in 
cerebellum. 

Grana. 

Grana, 

Grana, 

Equus  decennis, 

9340 

7660 

1680 

41 

1 

Bos  septennis, 

Vitulus  immaturus  unius 

7200 

6140 

1055 

5123 
^2  1 1 

: 1 

mensis,  - - - 

Vitulus  immaturus  trium 

191 

172 

19 

9-*- 

19 

: 1 

mensium,  - - - 

1025 

940 

81 

lii 

1 

Vitulus  trium  mensium. 

4240 

3720 

521 

7j5^ 

1 

Vervex  quinquennis. 

1630 

1350 

280 

423 

1 

Passer,  - - - - 

15 

124 

91 

5 

1 

Sus  unius  anni. 

2110 

1775 

335 

5|? 

1 

Sus  vêtus,  ... 

1726 

1350 

346 

3il4 

1 

Talpa,  - - - - 

14 

11 

3 

3i 

1 

Canis  quinque  dierum,  - 

136 

126 

10 

12| 

1 

Canis  duorum  annorum,  - 
Canis  tertium  inter  et  quar- 

1270 

1080 

190 

K 1 3 
« 1 9 

1 

turn  annum. 

1035 

890 

145 

1 

Hircus  recens  natus, 

700 

595 

103 

/;_8  6 

1 

Anser,  - _ - . 

200 

161 

38 

4 5^5 

1 

Felis  duorum  dierum. 

81 

74 

7 

l()i 

1 

Felis  octo  mensium. 

445 

360 

85 

4A 

1 

Felis  unius  anni,  - 

460 

366 

90 

4* 

1 

Cuniculus  trium  mensium. 

101 

78 

22 

1 

Cuniculus  unius  anni. 

150 

112 

40 

2! 

1 

Cuniculus  duorum  anno- 

rum,  - • - , 

146 

111 

35 

3-6- 

1 

Rattus  catulus. 

22^1 

19 

Q1 

O2 

5f 

1 

Rattus  aetate  prevectior, 

23 

20 

5 

4 

1 

Rattus  vetus, 

36 

27 

9 

3 

1 

Rattus,  - 

34 

25 

9 

2-Î- 

1 

Mus,  - 

H 

nonplene5 

3 

4 

er 

1 circi- 

Pavo  femina,  - 
Gallopavus  novem  men- 

105 

85 

19 

4 ^ 

1 [ter. 

sium,  - 

100 

78 

22 

1 

Gallus  unius  anni,  - 

58 

47 

11 

4_3_ 

1 

Anas  decern  mensium, 

80 

70 

10 

7'* 

1 

Strix  ulula,  - - - 

61 

50 

11 

4 6 

1 

Monedula,  - 

80 

71 

9 

1 

Columba  octo  dierum, 

13 

11 

2 

5. 

1 

Columba  unius  anni. 

30 

24 

6 

4 

1 

Columba  duorum  annorum. 

37 

30 

7 

H 

1 
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THE 

TISSUES  AND  FLUIDS 

OF  THE 

HUMAN  BODY: 

EXHIBITING  A CONDENSED  VIEW  OF  THEIR  SITUATION, 
CHARACTERS,  AND  CHEMICAE  COMPOSITION. 

Compiled  for  the  use  of  Students,  from  the  General  Anatomy  of  Bichat,  the 
Hygrology  of  Flench,  and  the  Analyses  of  the  best  modern  Chemists. 


I.— TABLE  OF  THE  SOLIDS. 


NAME,  DIVISION, 
SITUATION. 

CHARACTERS. 

CHEMICAL  COMPOSITION. 

I.'Cellular. 

Animal. 

Saline. 

Serous 

Whitish  semipellucid  fila- 

Gelatine, 

.100.  Com.  salts,.. 0.08 

Adipose 

Situation.  Serous 
every  where  except 
brain  : Adipose  every 
where  except  viscera, 
eyelids,  nose,  penis. 

ments,  variously  interwoven 
with  interstices,  communi- 
cating in  Serous,  not  in  Adi. 
pose  ; soft,  extensible,  con- 
tractile ; insensible,  rapidly 
inflaming  ; pours  out  serum, 
coagulable  lymph,  or  suppu- 

Water, ? 

scrotum. 

rates. 

- 

II.  Nervous,  of  ani- 

Composed  of  white,  sien- 

Albumen, .... 

mal  life. 

der,  parallel  filaments,  unit- 

White  fat,.... 

...4.5  Ph.  lime'^ 

ed  into  bundles  of  a large 

Bed  fat, 

...0.7  Ph.  soda  f 

S.  Brain,  spinal 

size,  arising  in  pairs  from  the 

Osmazome,.. 

marrow,  their  nerves. 

brain  and  spinal  cord  ; pain 
terribly  when  irritated. 

Phosphorus, . 

14-8  Vauq.  85.2 

III.  Nervous,  of  or- 
ganic life. 

S.  Sympathetic 
nerve,  its  ganglions. 

System  of  nerves  and  gan- 
glions, not  connected  with 
the  cerebral  mass,  nor  sym- 
metrical ; not  connected 
with  the  brain  ; scarcely  give 
pain  on  being  irritated  ; 
scarcely  influence  their  mus- 
cles. 

Same  as  II. 

IV.  Arterial. 

Coats  stronger,  whiter — 

No  fibrin  ? 

Berzelius. 

S.  Every  where,  ex- 
cept  epidermis,  &c.  ? 

section  patent  ; fibres  of  mid- 

Fibrin  ? Magendie,  p.  275  of  first 

die  coat  transverse  ; internal 
without  valves,  readily  rup- 
tured, or  ossified;  not  readily 
inflamed. 

edition. 
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TABLE  OF  THE  TISSUES. 


NAME,  DIVISION, 
SITUATION. 


V.  Venous. 

S.  Every  where. 
Except  epidermis, 
&c.  ? 


VI.  Exhalants. 

S.  Every  where, 
on  surfaces. 

VII.  Absorbents 

and  THEIR 
GLANDS. 

S.  Every  where; 
except  the  brain,  eye, 
cartilages,  serous 
membranes,  placenta, 
bone,  &c.  ? 

VIII.  Osseous. 

S.  Axes  of  limbs; 
walls  of  cavities  ; ca- 
vities. 


IX.  Medullary. 
Of  spongy  bones. . . . 
Of  long  bones 

S.  Internal  cavi- 
ties  of  bones. 


X.  Cartilaginous. 

S.  Ends  of  bones  ; 
synchondroses,  walls 
of  cavities. 


CHARACTERS. 


CHEMICAL  COMPOSITION. 


Animal.  Saline. 


Coats  thin,  flesh  coloured; 
collapsing  when  cut  ; fibres 
of  the  middle  coat  longitudi- 
nal; cellular,  dense,  unalter- 
able ; internal  tearing  across 
— frequent  valves — readily 
inflamed — not  readily  ossi- 
fied. 


Arise  from  arteries  ; carry 
no  red  blood  ; open  on  sur- 
faces; exhale  different  fluids 
from  different  surfaces. 


Transparent,  valvular  ; 
contractile  ; ramify  and  pass 
through  glands  ; continue  to 
act  after  death;  easily  in- 
flamed ; glands  obovate,  soft. 


White,  partly  soluble  in 
acids,  inflexible  ; hollow,  in- 
sensible ; pouring  out  callus 
when  broken  ; fibrous  ; re- 
sists putrefaction. 


Cartilage.. 

Oil  ? 

Gelatine? 


,33-0 


330 


Water ? 

Phos.  lime...54-0 
Carb.  lime  P.10'0 
Phos.  magn..  I'O 
Fluate  lime,  2 0 

Soda 1-3 

Sulph.  lime  9.  I'O 


Berzel.  700 


In  spongy  bones,  a vascu- 
lar network,  or  reticulum., 
containing  a peculiar  oil  ; 
ceUs  communicate  ; very  sub- 
ject to  inflammation. 

In  long  bones,  a membrane, 
contractile,  sensible  ; rapidly 
suppurates,  and  destroys  the 
bone. 


Pure  med.  oil  96'0 
Albumen...  \ 
Gelatine....  f g.Q 
Extractive  | 

Pecu.  mat.  * 
Water,  mem- 
brane, and 
vessels I'O 


Phosph.  firne....  ? 


Carb.  Mine ? 

Soda ? 

Water 0 

Berzel.  '0 


Broader  than  thick,  hard.  Coagulated  al- 

elastic,  whitish  ; apparently  bumen 

inorganic,  but  really  consti- 
tuted of  fibres,  which  break 
when  strongly  bent.  Cellu- 
lar membrane  and  colourless 
vessek  interposed.  Insensi- 
ble, almost  imputrescible  : 
no  sympathies  ; tinges  rea- 
dily in  jaundice;  desquamates 
readily  from  inflammation. 

Ossifies  in  old  age. 


Common  salts.  2 '0 
Water ? 


OF  THE  HUMAN  BODY. 
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NAME,  DIVISION, 
SITUATION. 


XI.  Fibeous. 

Membranous 

Fascicular 

S.  Periosteum,  dura 
mater,  sclerotica,  al- 
buginea, membrane 
proper  to  kidney, 
spleen  ; capsular  li- 
gaments, tendinous 
sheaths,  aponeuroses. 
Tendons,  ligaments. 

XII.  Fibro-Caeti- 

LAGINOUS. 

Membranous 

Articular 

Tendinous  sheaths. 

S.  Nose,  trachea, 
palpebra,  knee-joint, 
maxillary  articula- 
tion, periosteum, 
within  tendinous 
sheaths. 

XIII.  Muscueae, 
of  animal  life. 

Long 

Large 

Short 

S.  Trunk  and  limbs, 
between  skin  and 
walls  of  cavities  ; or 
bones. 

XIV.  Muscular, 
of  organic  life. 

S.  Within  walls  of 
cavities. 


XV.  Mucous. 

Excreting 

Non-excreting  ?..or, 
Gastro-pulmonary. 

Genito-urinary. 

S.  Lining  imper- 
fect cavities  ; eye, 
nose,  throat,  pulmo- 
nary, alimentary,  ge- 
nital, urinary  passa- 
ges. 

Facial  sinuses,  an- 
trum, mammae. 


characters. 

CHEMICAL  composition. 

Animal, 

Saline. 

Composed  of  a peculiarly 
hard,  elastic,  insensible,  pa- 
rallel or  interlaced  fibre, 
very  strong  ; which  ossifies 
slightly  in  old  age.  With- 
out proper  action,  but  is  ex- 
tensible. 

Gellatine  ? 100 

Water ? 

Com.  salts?. .0-08 

Something  between  carti- 
lage and  ligament,  having  a 
base  of  parallel,  or  interlaced 
fibres,  with  cartilage  inter- 
posed between  them.  Ex- 
cept the  membranes,  have 
no  perichondrium  ; are  rare- 
ly inflamed  ; elastic,  plia- 
ble, insensible  ; reunite 
slowly;  no  sympathies;  ossi- 
fy slowly  in  old  age. 

Coag.  albu.  ? 98.0 

Com.  salts 2 0 

Water ? 

Red,  massy,  parallel,  or 
diverging  fibres;  obedient  to 
the  win  ; contractile  to  a sti- 
mulusapphed  to  themselves, 
to  their  animal  nerves,  or 
the  brain  ; limited  by  anta- 
gonists; generally  cross  a 
joint  ; subject  to  fatigue  ; 
sympathise  with  one  ano- 
ther ; die  with  the  lungs. 

Fibrin 17 ‘7 

Albumen 2.2 

Gelatine  ?.... 
Osmazome . . . O’l  5 

19-24. 

Phosp.  soda.. .0-90 
Phos.  am.  ? 

Phos.  lime.... 0-08 
Carb.  Hme  ? 

Mur.  and  lact. 

soda 0-18 

Water 77-17 

Fourcr.  78-33 

Occupy  the  cavities  ; fibres 
pale,  curved,  or  irregularly 
interlaced  ; never  attached 
to  bone,  nor  to  fibrous  or- 
gans. Form  thin,  flat,  mem- 
branes; rarely  superimpos- 
ed ; not  uniform  ; short  ; not 
obedient  to  the  wiU;  not 
symmetrical  ; noratfected  by 
stimulation  of  the  nerves  ; 
receive  their  nerves  chiefly 
from  the  sympathetic. 

Same  as  XIII. 

Soft,  spongy,  villous,  ec[ua- 
ble  membrane,  furnished 
with  follicles,  glands,  exha- 
lants. Conthiuous  with  the 
skin,  and  lining  all  the  cavi- 
ties which  open  externally. 
Very  sensible  and  irritable, 
though  not  contractile.  Se- 
cretes mucus  ; pus  when  in- 
flamed, but  very  rarely  coa- 
gulable  lymph.  Scarcely 
ever  forms  adhesions  or  ossi- 
fications. 

Gelatine  ? 100 

Mucus?... 

Water ? 

Com.  salts... 0.08 
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NAME,  DIVISION, 
SITUATION. 


XVI.  Serous. 

Locomotive 

Fixed  ? 

S.  Lining  perfect 
cavities;  thorax,  ab- 
domen, scrotum, 
head,  labyrinth,  eye, 
ovarian  vesicle,  o- 
vum,  blood  and  lym- 
phatic vessels. 


XVII.  Synovial. 

Articular 

Tendinous 

S.  Lining  joints. 
Tendmous  sheaths, 
or  bursæ  mucosæ. 


CHARACTERS. 


CHEMICAL  composition. 


Dense,  shming,  semipellu- 
cid  membrane,  always  form- 
ing a shut  sac,  and  lining 
some  shut  cavity.  Insensi- 
ble, not  contractile  ; exha- 
ling an  albuminous  fluid, 
named  serum.  Never  con- 
tinuous with  other  tissues  ; 
easily  inflamed,  when  it  pours 
out  coagulable  lymph,  and 
adheres  to  part  of  its  own 
sac  ; frequently  ossifies,  or 
forms  hydropic  collections. 


Animal. 

Gelathie? 100 


Saline. 

Water ? 

Com.  salts... 0-08 


Shut  sac  ; structural  cha- 
racters resembling  serons  tis- 
sue., but  exhales  synovia,  a 
widely  different  secretion. 
Not  affected  in  general  drop- 
sies, nor  serous  membranes 
in  synovial  dropsy  ; rarely 
and  slowly  adheres  ; of  limit- 
ed locomotion. 


Gelatine  ?. 


100 


Water. ? 

Com.  salts... 0'08 


XVIII.  Glandu- 
lar. 

Secreting 

Aporous 

S.  Cavities,  or  the 
vicinity  of  cavities. 


Insulated  bodies,  of  inde- 
finite form  ; rarely  in  pairs  ; 
of  variable  figure  ; easily 
tom  ; hardness  increased, 

elasticity  lost  by  boUiijg 

Have  excretory  ducts,  a pa- 
renchyma of  variously  orga- 
nized cellular  membrane  ; 
insensible  ? 


XIX.  Dermoid. 

S.  The  surface  of 
the  body  only. 


Envelopes  whole  body,  ori- 
ginates the  mucous  system. 
The  corium,  or  true  skin, 
consists  of  fibres  variously 
interlaced  in  layers,  super- 
imposed to  each  other,  so  as 
to  form  areas,  which  trans- 
mit the  exhalation  of  sweat, 
the  sebaceous  secretion,  and 
the  pilous  system.  Em- 
browned by  light,  contracts 
by  cold  ; convex  towards  the 
epidermis  by  boiling,  and 
passes  into  gelatine.  Elastic, 
enjoys  the  sense  of  touch,  u- 
nites  when  dead  with  tannin. 


Gelatine  ? 100 

Albumen  ? 

Mucus  ? 


Water ? 

Com.  salts...  0'8 


XX.  Epidermoid. 

Of  skin 

Of  mucous  mem- 
brane  

Of  hairs  ? 

S.  Surface  of  the 
body,  mucous  c avi- 
ties,  hairs  ? 


Transparent,  furrowed  ex- 
ternally ; separates  from  the 
skin  by  heat,  vesicatories, 
putrefaction.  Tinged  yel- 
low by  nitric  acid;  brown 
by  chlorme.  Without  fibres, 
inelastic,  hisensible;  impreg- 
nated by  water,  it  becomes 
opake  ; not  crispable  by 
heat  ; but  forms  an  oil  dur- 
ing combustion  ; abraded,  it 
reproduces  itself. 


Coag.  album.  93  5 

Mucus  ? 

Gelatine  ?... 


Com.  salts... 0-08 
Water ? 


OF  THE  HUMAN  BODY. 


617 


NAME,  DIVISION, 
SITUATION. 


XXI.  Pilous. 

Vibrissce  

Cirrhi  

Lanugo  

S.-  Head  particular- 
ly, armpits,  genitals, 
nose,  caruncula  la- 
chrymalis,  ears,  dis- 
eased ovaria. 


I.  ALBUMINOUS. 

1.  Blood. 

Arterial 

Venous 

Situation.  Pulmo- 
nary veins,  bronchial 
veins  ? left  side  of 
the  heart,  arteries. 

Right  heart,  pul- 
monary artery,  veins, 
menstrual  secretion  ? 


CHARACTEnS. 


CHEMICAL  COMPOSITION. 


Animal. 


Saline. 


Conical  prolongations  from 
bulbs  under  the  true  skin. 
Semi-transparent  ; resoluble 
into  cuticle,  corpus  muco- 
sum,  and  parallel  but  une- 
qual fibres.  (Flem.  Zool.) 
Slightly  crisped  by  heat,  in- 
sensible ? hollow  ? made 
lighter  by  maceration  ; black, 
by  lunar  caustic  ; yellow,  by 
nitric  acid  ; brown  by  chlo- 
rine : depolarizes  light. 


Coagu.  album.. 94 

Mucus  ? 

Gelatine  ? 

White  concr.  oil  ? 
Grey-green 
oil,  some-  f ^ 
times  red,  T ’ 
or  black.  J 


Vauo. 


Sul.  of  lime, 

Lactic  acid.. 

Lac.  of  pot.. 

Pho.  of  pot..  ')  1-5 
Mur.  of  pot. 
Magnesia.... 

Iron 

Silica  ? 

Sulphur 

Ph.  & carb.  lime  ? 

Phos.  of  mag.  ? 

Water ? 


II.— TABLE  OF  THE  FLUIDS. 

ALBUMINOUS,  WATERY,  MUCOUS,  OILY. 


S.  G.  1952.  Separates 
into  fibrinous  mass  and  se- 
rum, which  last  coagulates 
by  heat  165”  F.  ; colour 
red  ; but  modified  by  nitre 
and  gases  ; contains  glo- 
bules ; heat  102°— 4“  F.  ; 
taste  saline  ; feel  slippy. 


A.  Circulating  Blood. 
Deduced  from  B. 

Albumen...  77‘01  Carb.  acid ? 

Fibrin 1 1 33  Mur.  pot.  & so.  5-80 

Col.  mat....  19-69  Lact.  soda 4-85 

Muco-ejciract.  ? § f Sod.  and  ) „ „„ 

Animal  mat.  ? g;  ( Ph.  sod.  j 

Ery thrill ? Sulph.  Pot ? 

Oil? Water 877-00 


10800  890,85 


GLOBULES. 


Col.  mat.  987  50 
Adipocire  ? 
Albumen  ? 

Fibrin  ?... 

987.50 


Oxid  iron 

Sulp.  iron 

Phos.  lime  & 

mag. 

Carb.  fiine  ?. . 
Loss 


6-23 

0-94 

0 75 
401 
0-56 


Trans.  12-49 


B.  Coagulated  Blood. 


1.  Serum. 

Water 905-0 

Albumen...  80-0 

Muriates  of 
potash  and 

soda 6 0 

Lact.  of  soda, 
with  animal 

mat 4 0 

Soda,  phos- 
phate of 
soda,  with 

ani.  mat 4-1 

Loss 0-9 

1000.0 


2.  Coagulum. 
Colouring  mat...  64 
Fibr.  and  albu....  36 

100 

3.  Globules. 

Oxide  of  iron.  50  0 
Sulph.  of  iron.  7-5 
Phos.  of  lime, 
with  traces 
of  magnes.-. ...  6-0 

Pure  lime 20  0 

Carbon,  acid, 

and  loss 16-5 

Berzel.  IOO-O 
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NAME,  DIVISION, 
SITUATION. 


II.  Chyle  Proper. 

S.  Lacteals,  tho- 
racic duct,  subclavian 
vein,  and  superior  ca- 
va, right  auricle  and 
ventricle,  morbid  u- 
rine. 

(II.)  Duodenal 
Chyle. 

S.  Small  intestines. 

III.  Chyme. 

S.  Stomach,  small  in- 
testine above,  (and 
below  ?)  gall  ducte 

IV.  Milk. 

S.  Female  mam- 
mæ  ; blood  ? male  and 
fetal  mammæ  ? 


V.  Serous  Secre- 
tion. 

S.  Brain,  eye,  ear 
thorax,  abdomen, 
scrotum,  ovarian  ve- 
sicle. 

VI.  LiauoR  Pe- 
ricardii. 

S.  Cavity  of  Peri- 
cardium. 

VII.  Synovia. 

S.  Joints,  birrsæ 
mucosæ. 


VIII.  Liquor  Am- 

NII. 

S.  Amnion  of  the 
fetus;  first  passages 
of  the  fetus. 


CHARACTERS, 


chemical  composition. 


Animal.  Saline. 


S.  G.  White,  sweet,  coa* 
gulable,  and  separable  into 
clot  and  serum:  the  latter 
coagulable  by  heat. 


Fibrinous  album" 

Albumen ? 

Adipocire ? 

Lactic  sugar..  ..  ? 


Mur.  Soda 

Phos.  Ume.... 
Common  salts. 
Water 


Yellow,  semi-transparent, 
bitter  ; weak  odour,  grey,  if 
firom  fat.  M. 


Pulpy,  grey  coloured, 
sweetish,  insipid,  slightly 
acid,  pungent  odour. 


S.  G.  104)3.  Boils  and 
freezes  nearly  as  water  ; 
white,  sweetish,  forms  a 
cream,  reddens  blues,  at 
length  acidifies,  separates 
into  coagulum,  and  serum, 
or  whey. 

Watery,  saline,  slippery  ; 
becomes  opake  by  heat  of 
1 650  F.j  and  forms  flocculi. 


Extremely  like  serous  se- 
cretion. 


Extremely  viscid,  slippery, 
semi-transparent,  greenish 
white,  peculiar  smeU  ; clots 
to  a jelly,  mixes  with  water, 
and  firoths,  precipitated  by 
alcohol  and  acetic  acid. 

S.  G.  1006.  Somewhat 
milky,  mawkish  odour,  salt- 
ish taste  ; becomes  transpa- 
rent by  filtration  ; reddens 
turnsol,  but  greens  violets  ; 
opake  by  heat. 


Butter ? 

Casein 28-0 

Albumen. ...  ? 

Lactic  sugar  35'0 
Lactic  acid..  5-0 

680 


Albumen 18 


Albumen 5 -5 

Mucus 2 0 

75 


Proper  fibrous 

matter 12-0 

Albumen 4'5 

16-5 


Albumen 1 


Mur.  Potass.. 

..  1-7 

Phosph.  Pot... 

Phos.  lime,  m. 

,..  03 

Ac.  Pot.  and 

lact.  iron..., 

...  1-0 

Water 

929-0 

Thoms. 

932-3 

Mur.  Soda.... 

Carb.  Soda.... 

Phos.  Lime..., 

...  1-0 

Water 

. 78-0 

820 


Muriate  Soda., 

..  2-0 

Water. 

92-0 

94-0 

Mur.  Soda 

Soda 

. 0-7 

Phosph.  Lime. 

..  0-7 

Water 

800 

Margu. 

83-1 

Mur.  Soda..  I 

Soda, y rt.Q 

Ph.  Lime..  Ç ^ 
Pure  Lime  ^ 
Water 98‘8 


Vauq. 


990 
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NAME,  DIVISION, 
SITUATION. 


CHAKACTERS. 


CHEMICAL  COMPOSITION. 


Animal. 


Saline. 


IX.  Liquor  Ovuli 
Humani. 

S.  Ovarian  vesicle, 
semen  masculinum  ? 


II.  WATERY. 

X.  Pulmonary 
Halites. 

S.  Pulmonary  pas- 
sages. 


XI.  Cutaneous 
Exhalation. 


Perspiration. 
Sweàt... 


S.  Skin. 


XII.  Urine. 


Of  drink . 
Of  chyle 


S.  Pelvis  of  kid- 
ney, ureter,  bladder, 
urethra,  urachus  ? 
stomach?  skin?  brain? 


Limpid,  sometimes  red- 
dish or  yellow  ; coagulating 
into  strong  threads  by  alco- 
hol, or  heat.  ( 


Limpid  pure  water,  with- 
out any  admixture  what- 
ever. 


Watery,  inodorous,  less 
peUucid  than  water  ; some- 
what viscid  ; taste  saltish, 
easily  evaporates. 


S.  G.  1033.  Transparent, 
amber-coloured, violet  smell, 
taste,  saHiie,  bitter,  disa- 
gi-eeable  ; cloud  in  the  mid- 
dle ; when  cool,  smell  uri- 
nous, fetid,  reddens  turnsol. 


Pure  Water,  100  or  Oxygen 88-9 

Hydrogen...  ll-l 


Ellis. 


100-0 


Oil Carbonic  Acid  ? 

Acid — Lactic,  or  Mur.  Soda ? 

Acetic,  or  Phos-  Mur.  Potass.  ...  ? 

phoric  ? Lact.  Soda ? 

Water ? 

Thoms.  Phos.  lime ? 


A. 


Urea 30-1 

Uric  Acid....  1-0 
Lactic  Acid..  1-5 
Lact.  Am  1 
An.  mat.  V 17-0 

Ale ) 

Muc.  of  blad.  0.32 

52-8 


Sulp.  Pot....  3-7 
Sulp.  Soda . . 3-16 
Phos.  Soda ..  3-0 
Mur.  Soda ..  4-4 
Phos.  Amm.  1-65 
Mur.  Amm.  1-50 
Earth  Ph. 

Fluate  of  v 1-0 
Lime...  ) 

Silica 0-03 

Water....  933-0 
Carb.  acid  ? 


Berzel.  949-34 


B.  Another  Analysis. 


Water 93.3.00 

Urea.. 3010 

Lithic  acid  1 00 
Pure  lactic 
acid,  lac. 
of  amm. 
and  anim. 
mats,  not 
separable 
from  thesel7-l4 
Mucus  of 
the  blad- 
der   -32 

981-56 


Sulp.  of  pot.  3-71 
— of  soda  3.16 
Phos.  of  soda  2-94 

of  am.  1-65 

Mur.  of  soda  4-45 

'of  am.  1-50 

Earthy  phos. 
with  a trace 
of  fluate  of 

lime 1-00 

Silex -03 


Prout. 


18-44 
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XIII.  Tears. 

S.  Eye-baU,  lachry- 
mal ducts,  canals,  and 
sac,  nose,  mouth  ? 


XIV.  Aqueous 
Humour. 

S.  Anterior  cham- 
ber of  the  eye. 


XV.  Vitreous 
Humour. 

S.  Posterior  cham- 
ber of  the  eye. 


(XV.)  Lens. 

S.  Posterior  cham- 
ber of  the  eye. 


III.  MUCOUS 
FLUIDS. 

XVI.  Mucous  Se- 
cretion. 

Alimento-puhno- 
nary,  genito  - urina- 
ry, mammary,  mem- 
branes. 


XVII.  Saliva. 

S.  Salivary  ducts, 
mouth,  alimentary 
passage  ; trachea. 


characters. 


CHEMICAL  COMPOSITION. 


Taste  saline,  aspect  wa- 
tery, no  smeU. 


S.  G.  1009.  Very  watery, 
insipid,  inodorous. 


Characters  of  aqueous  hu- 
mour, but  a little  denser. 
S.  G.  1009. 


Transparent  ; scarcely 
fluid,  fibrous,  lameUated, 
consolidated  by  heat  ; den- 
sest in  the  centre,  where  S. 
G.  1191,  in  general  1100. 


Like  mucilage  of  gum  ara- 
ble ; somewhat  opake,  ab- 
sorbs oxygen,  and  becomes 
thick  and  quite  opake  ; ad- 
hesive when  dried  ; does  not 
dissolve  in  water;  is  preci- 
pitated by  subacetate  of 
lead. 

S.  G.  1016.  Limpid,  very 
viscid,  insipid,  inodorous  ; 
difficultly  unites  with  wa- 
ter ; absorbs  oxygen,  and 
thickens  ; deposits  tartar,  or 
salts  of  lime. 


Animal. 
Mucus 


Saline. 


Soda 

Ph.  Lime. 

ll.O 

Ph.  Soda.. 
Water . ... 

) 

...98-0 

Fourc. 

990 

Albumen — 

trace. 

Mur.  sod. 

'k 

Animal  mat.  W ? 

and  pot. 

[■  2-0 

Lacts.  sod. 

and  pot. 
Soda 

) 

0-75 

Water 

980 

100-75 

Albumen . . 

.0-16 

Murs.  & Lacts  1-4 

Animal  mat.W.  ? 

Soda 



Water 

...980 

0-16 



Berzel. 

998 

Pecu.  mat. 

35.9 

An.  mat.  alcoh.  ?'^ 

Murs.  & lacts.  2-4 

An.  mat.  wat.  ? S Phosphates 

...  1-3 

Cel.  mem.  in. 

W ater 

sol 

..  2-4 

- - 

— 

Berzel. 

61.7 

38-3 

Mucus 

..53-3 

Murs.  Sod 

An.  mat .... 

..  2 0 

and  Pot.  . 

...  5'6 

Albumen  ? 

I.actate  Soda  10 

Peculiar  an 

1.3-5 

Soda 

..  09 

matter  ... 

) 

Phos.  Soda. 

9 

58-8 

Water,  say 

933-7 

Berzel. 

941-2 

Animal  Mat.  3.0 

Murs.  Pot.  and 

Mucus  .. 

.1.7 

Albumen  ?. 

Lactate  Soda  0-9 



Soda 

....0-2 

4-3 

Water 

992-9 

Berzel. 

995-T 
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NAME,  DIVISION, 
SITUATION. 


XVIII.  Pancrea- 
tic Juice. 

S.  Pancreatic  duct  ; 
duodenum  ; large  in- 
testines in  salivation? 


XIX.  Amygdaloid 
Secretion. 

S.  Tonsils. 


XX.  Arytenoid 
Secretion. 

S.  Arytenoid  glands. 

XXL  Bronchial 
Secretion. 

S.  Bronchial  glands, 
morning  expectora- 
tion. 

XXII.  Semen. 

S.  Testicles,  vesi- 
culæ  séminales  ? vas 
deferens,  urethra, 
bladder. 


XXIII.  Prostatic 
Liquor. 

S.  Prostate  gland, 
urethra. 


XXIV.  COWPERIAN 
Secretion. 

S.  Cowper’s  glands  ; 
urethra. 


IV.  OILY 
FLUIDS. 

XXV.  Fat. 

S.  Spherical  cells 
of  the  adipose  mem- 
brane, renal  region, 
omentum. 


CHARACTERS. 


Characters  of  saliva. 


CHEMICAL  composition. 


Animal.  Saline, 

Supposed  same  as  saliva. 


Characters  of  mucus  ; 
but  yellow,  fetid. 


Opake,  crass,  yellow,  very 
fetid. 


Black  or  blue  colour  ; in- 
sipid, inodorous,  gelatinous, 
semitransparent. 


S.  G.  1085.  Fluid;  mUky 
aspect  ; contains  a thick  mu 
cilaginous  substance,  with 
white  shining  filaments  ; 
odour  peculiar,  disagreeable  ; 
greens  violets  ; liquefies  in 
the  open  air. 

Resembles  much  the  white 
of  an  egg  ? 


Characters  of  mucous  se- 
cretion  ? colour  slightly  red- 
dish. 


White,  tasteless,  inodor- 
ous; melts  at  95°  F.  Con- 
tains stearin  and  elam  ; pro- 
duces an  intolerable  smell  in 
destructive  distillation  ; 1 00 
of  alcohol  dissolves  25  of  its 
stearin. 


Supposed  same  as  XVI. 


Mucus. 


? Carbon  ? 

Water ? 


Animalcula  ... 


6-0 

Phos.  Lime. 

..  3 

? 

Soda 

..  1 

— 

Water 

..  90 

6-0 

Vauq. 

940 

Stearin  . 
Elain.... 


.?  Salts. 
. ? 
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NAME,  DIVISION, 
SITUATION. 


CHAHACTERS. 


CHEMICAL  COMPOSITION. 


Animal. 


Saline. 


XXVI.  Medulla.  Yellow,  or  pure  red  ; 

taste  agreeable  ; no  smeU  ; 

S.  Cavities  of  Bones,  melts  113*  F^;  distilled,  it 
yields  a white  oü,  not  be- 
coming black,  as  in  fat  ; 
something  between  butter 
and  oU. 


OU 

.96.0 

Phos.  lime  .. 

9 

Albumen  ] 

1 

Carb.  lime .. 

9 

Gelatine  ..  ' 

y 3.0 

Soda 

9 

Extractive  j 
Pec.  mat.  J 

Water 

,.  1.0 

99-0 

Berzel. 

1-0 

XXVII.  Cerumen. 

S.  Meatus  audito- 
rius  extemus. 


Viscid,  orange  yellow, 
bitter  ; heated,  it  melts, 
stains  paper,  emits  an  aro- 
matic odour  ; and  a white 
smoke  like  burning  fat,  near- 
ly all  soluble  in  alcohol, 
hardens  in  the  air. 


Albumen 

Inspissated  OU ... 
Colouring  matter. 


Soda 

Phosph.  Urne . 
Vauq. 


XXVIII.  Cutane- 
ous Sebum. 

S.  Sebaceous  folli- 
cles of  the  skin. 


Unctuous,  inflammable, 
bland,  tenacious,  indurated 
by  exposure  to  the  air  ; tak- 
ing the  form  of  the  follicle. 


Probably  simUar  to  Cerumen, 


XXIX.  Sebum 
Odoriferum. 

S.  Corona  glandis, 
cUtoridis:  mammæ. 


Thick,  dirty  white,  unc- 
tuous, inflammable,  friable, 
subfetid. 


Probably  simUar  to  Cerumen. 


XXX.  Meibomian 
Secretion. 

S.  Eye-lids. 


Thick,  inodorous,  insipid  ; 
becoming  opake  in  the  air  ; 
viscid  ; slowly  uniting  with 
water. 


Disputed  whether  oUy  or  mucous. 


XXXI.  Bile. 

S.  Gall  ducts,  gall 
bladder,  intestines, 
feces. 


Yellowish -green  ; some- 
times brown  ; unctuous,  bit- 
ter, peculiar  odour. — S.  G. 
1040. 


Picromel — 80-0 
Albumen  ...  3-0 
Erythrine  ? 

Kesin  ? 

Yellow  mat.  ? 


83-0 


Soda 4-1 

Mur  Soda...  3-4 
Phos.  Soda  PO 
Phos.  Lime  0-1 

Iron?....... 

Water 908-4 


Berzel.  917‘0 
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ZOOLOGICAL  SERIES. 


TABLE  I.— ANIMALS. 

VERTEBBATA. 

MOLLUSCA. 

ARTICULATA. 

RADIARIA,  or  200PHYTA. 

Cerebro-spi- 
nal  system  in- 
closed within 
a bony  case  ; 
of  which  the 
anterior  ex- 
tremity pre- 
sents the  or- 
gans of  sense, 
and  the  orifice 
of  the  intesti- 
nal tube. 

Sexes  sepa- 
rate : indivi- 
duals for  each. 

Head  dis- 
tinct from  the 
body  : never 

more  than  four 
limbs,  or  late- 
ral appendices. 

No  cerebro-spinal 
system  : no  bony  axis 
dividing  the  animal 
symmetrically  ; ner- 
vous masses  not  sym- 
metrical, dispersed  in 
different  parts  of  the 
body,  from  whence 
proceed  the  nerves  of 
sense,  of  the  muscles, 
and  of  the  viscera. 

Skin  naked  and  mu- 
cous, orincrusted  with 
salts,  forming  the 
single,  double,  or  mul- 
tiple shells  of  the  con- 
chifera. 

Sex  separate  in  dif- 
ferent individuals  : o- 
thers  hermaphrodite, 
with  the  necessity  of 
reciprocal  impregna- 
tion : others  without 
apparent  sex,  repro- 
ducing themselves. 

Some  respire  air, 
others  respire  water. 

Blood  white,  diges- 
tive organs  constantly 
provided  with  a liver. 

Head  indistinct  ; no 
diverging  appendices, 
or  members  for  motion. 

Constituted  of 
articulated  rings 
synunetrically  dis- 
posed upon  an 
axis.  Body  ver- 
miform. Others 
having  series  of 
diverging  rings, 
each  couple  of 
which  forms  a 
pair  of  feet,  and 
of  which  the 
whole  number 
may  extend  to  7 5, 
and  is  never  less 
than  six.  Two 
longitudinalcords, 
forming  a ring  at 
the  commence- 
ment of  the  intes- 
tine, pass  from 
space  to  space 
by  double  knots 
or  enlargements, 
from  whence  arise 
nerves  distribut- 
ed .to  all  the  or- 
gans. Jaws  al- 
ways lateral. 

Respiration  a- 
quatic,  or  aerial  : 
the  latter  by 

TRACHEÆ. 

Head  distinct 
in  aU  the  insects. 

1.  Echinodermata, 
with  fibrous  skin,  of- 
ten indurated,  with 
an  interior  cavity  in 
which  the  viscera  float 
freely.  Sometimes 

movable  spines  or 
prickles. 

2.  Intestinalia,  in 
some  of  which  the 
sexes  are  separate,  al- 
though deficient  en- 
tirely of  the  organs  of 
respiration  and  circu- 
lation, and  of  nerves. 

3.  Acephala,  a mass 
of  flesh  in  the  paren- 
chyma of  which  the 
intestines  are  excavat- 
ed, and  contractile  in 
aU  directions.  With- 
out nerves. 

4.  Polypi;  bodies 
entirely  gelatinous, 
having  only  a single 
cavity  with  one  orifice. 
Susceptible  of  multi- 
plying themselves  by 
division. 

5.  Infusoria,  with 
the  body  gelatinous  and 
transparent  like  the 
meduscB  ; without  any 
apparent  orifice. 
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TABLE  II.— VERTEBRATA. 


The  cereira/ 
hemispheres, 
and  the  lohes 
of  the  cerebel- 
lum, joined 
by  commis- 
sure : optic 
lobes  always 
solid. 

One,  or  se 
veral,  pairs 
of  mammae. 

Seven  cer- 
vical verte- 
brœ,  except 
a species  of 
Bradypus. 

Teeth  a- 
lone  on  the 
upper  jaw, 
intermaxil- 
lary bone, 


and 

jaw. 


lower 


dia- 


rapm,  both 
muscular  & 
mobile,  se- 
parating the 
chest  from 
the  abdo- 


Embryo  de- 
veloped, and 
becoming  a 
fetus  in  a 
uterus  ; or  at 
least  passing 
to  the  per- 
fect state 
without  the 
intermediate 
form,  upon 
the  nipple  of 
the  mamma. 


A ventricle  at 
the  lumbar  part  of 
the  spinal  marrow. 
Optic  lobes  hollow. 

Olfactory  lobes 
rudimentary.  Ce- 
rebral lobes  hollow. 

Spinal  marrow 
extended  in  a canal 
of  equal  length 
with  the  vertebral 
column. 

A single  ovary  : 
the  fecundated  egg 
must  undergo  an 
external  incuba- 
tion. 

Lungs  communi- 
cating with  the 
skeleton. 

Covered  with  fea- 
thers, the  two  an- 
terior Hmbs  never 
employed  for  walk- 
ing. 

No  teeth.  Jaws 
enveloped  in  horny 
sheaths,  or  beaks. 

No  parotid,  lin- 
gual, maxUlary 
glands,  &c. 

Never  more  than 
four  toes  on  the 
foot. 


Cerebral  lobes 
hollow,  with  one 
ventricle  in  each. 

Cerebellum  ru- 
dimentary. Optic 
lobes  ordinarily 
hollow. 

According  to  the 
orders,  teeth  in  the 
vomer,  the  ptery- 
goid, and  palatine 
processes,  besides 
those  which  are  si- 
tuated as  in  the 
mammalia. 

Never  have  hairs 
or  feathers  ; skin 
naked  or  scaly. 

Lung  double  or 
single  : but  always 
vesicular. 

Eggs  laid  in  ge- 
neral ; but  hatched 
without  incuba- 
tion : others  hatch- 
ed in  the  oviduct. 

Teeth  sharp  and 
slender,  incapable 
of  bruising  their 
prey  j no  parotid  or 
maxillary  glands. 

One  order  of  this 
class  undergoes  a 
perfect  metamor- 
phosis before  sum- 
mer : the  respira- 
tion is  then  aqua- 
tic. 


Encephalon  susceptible 
of  receiving  supernumerary 
lobes  behind  the  cerebellum. 
Spinal  marrow  without 
any  enlargement,  in  its 
whole  length  ; sometimes 
limited  to  the  30th  part 
of  the  length  of  the  verte- 
bral canal. 

Cerebral  lobes  solid,  and 
reduced  to  the  optic  thala- 
mus, or  even  to  nuUity  : 
in  other  respects  less  de- 
veloped than  the  optic  or 
olfactory  lobes  ; and  often 
even  less  than  the  cere- 
bellum ; sometimes  even 
the  supernumerary  lobes 
are  larger  than  the  ence- 
phalon. 

Organ  of  hearing  hav- 
ing semicircular  mem- 
branous  canals,  not  ad- 
hering to  the  cranium,  and 
bathed  in  a liquid. 

The  intermaxillary  bone 
constantly  more  developed 
than  the  maxiUary,  and 
movable  upon  one  ano- 
ther. 

Respiration  hy  free  bran- 
chiœ,  or  adherent  upon  the 
external  boundary’ of  their 
circumference. 

Those  of  free  branchiae 
have  them  covered  with 
large  osseous  clappers  or 
valves,  formed  at  the  most 
of  five  pieces. 

The  cyprini,  scari,  and 
a few  others,  have  alone  a 
mastication. 

Two  ovaries  : eggs 

hatched  without  incuba- 
tion after  exclusion,  or 
even  hatched  in  the  ovi- 
duct. 


B The  vertebrated  animals  are  also  divided  into  viviparous,  comprising  the 

mammalia  ; and  oviparous,  comprehending  the  three  other  classes.  The  general 
character  of  the  oviparous  animals  is,  that  they  never  have  commissures  of  the 
brain  or  cerebellum  ; no  diaphragm  : their  cervical  vertebrae  vary  in  number. 
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TAULE  III. — MAMMALIA  FŒTIPARA,  bringing  forth  Maturated  Young. 


1.  lUWANA. 

Tlnve  kinds  of  teeth,  clftvicles,  hmuls  upon  the  nn- 
rior  memhers  only  ; diet  onmivoiinis  ; lobes  of  the 
•nin  and  çoi-elioUvim  much  ilevcloped,  and  deeply 
luvolutotl  ; skin  genovally  nnketl.  • 
g.  QUADIUTSIANA. 

Three  sorts  of  teeth,  diet  fingivovous,  hands  to 
le  four  members;  clavicles,  lower  jaw  avticulatetl 


3.  CAKNIVOTIA. 

Three  sorts  of  teeth,  maxillary  articulation 
ansverse  hinge,  no  clavicles. 


4.  UODENTIA. 

At  each  jaw  two  gi-eat  incisors  growing  during 
he  whole  of  life,  and  which  an  empty  inteiwal  sepa- 
ates  from  the  motarcs,  the  number  of  which  varies 
rom  three  to  five.  Tlie  maxillary  condyle  and  the 
denoid  fossa,  dii'ected  longitudinally,  and  parallel  to 
he  axis  of  the  head  ; toes  free  and  flexible  for 
eizing;  the  brain  smooth;  fifth  pair,  and  middle 
obe  of  cerebellum,  strongly  developed. 


5.  EBENTATA. 

Without  incisors  on  the  two  jaws,  sometimes 
without  teeth  ; clavicles  at  least  rudimentary,  and 
great  nails  enveloping  the  ends  of  the  fingers  ; brain 
smooth,  cerebellum  and  fifth  pair  little  developed, 
olfactory  lobes  prominent. 


Monkeys,  or  Apes. 


Lbmurbs. 

Moro  or  less  than  four  incisor  teeth,  otherwise  direct- 
ed than  in  the  ape  ; five  or  six  molar  teeth  ; index  of  the 
posterior  hand  always  shorter,  and  provided  with  an  awl- 
siiajied  nail  recurved,  and  longer  than  the  othera  ; braui 
smooth. 


1.  Cheiroptera.  Brain  smooth,  penis  and  pectoral 
mammie  pendant  ; a fold  of  skin  extended  between  the 
four  feet  and  their  toes  ; clavicle  stronger  than  in  apes  ; 
sternum  provided  with  a carhialed  form,  as  in  birds. 

2.  Insectivora.  Brain  smooth,  clavicles  stronger  or 
weaker,  according  to  the  habits  of  digging  or  swimnung  ; 
fifth  pah'  of  nerves  enonnous  ; eye  more  or  less  rucumen- 
tavy. 

3.  Carnivora.  Great  canine  teeth  separated  by  six 
small  incisors,  cutting  molar  teeth,  provided  in  some  with 
spongy  tubercles,  the  increasing  proportion  of  uTiicIi  in- 
dicates  a diet  more  mixed  with  vegetables  ; the  shorter 
the  lower  jaw,  the  more  carnivorous;  also  the  sharper 
and  more  trenchant  the  naÜs,  the  less  numerous  the 
teeth  : finally,  they  walk  more  upon  the  tops  of  the  toes. 


4.  Aiiphibia.  Posterior  members  very  short  and 
broad;  the  plantar  aspect  and  phalanges  greatly  deve- 
loped in  the  swimmers  and  pabnda  ; body  piscuorm. 


1.  Apes,  properly  so  called;  the  three  sorts  of  teeth 
he  same  as  in  man,  the  brain  convoluted. 


2.  Sapajou,  incisive  and  canine  teeth  like  apes,  but  al- 
mys  sir  molar  ; brain  little  or  nothing  convoluted. 


1.  Makis,  six  inferior  incisors  prominent,  tail  longer 
than  the  body. 

2.  Indris,  four  incisors  prominent,  no  taiL 

5.  Loris,  nails  and  teeth  like  Mulcts,  no  tail 

4.  Guliii/os,  same  teeth,  same  nails  as  the  Loris  ; size 
of  the  eyes  disproiiortionate,  also  of  the  eyelids  and  eai-s. 

6.  Tf/Vriers  C American  Jerboa),  like  the  Galapos,  but 
only  two  incisors  below. 

C.  Cheirogales,  awlsliaped  nails  on  all  the  fingers,  ex- 
cept the  thumbs  ? 

].  Bats.  The  fingei-s  of  the  hands  mostly  without  nails, 
and  extended  like  rods,  as  long  or  longer  than  the  whole 
arm  ; the  toes  of  the  feet  all  nnuecl,  and  remaining  propor- 
tional to  the  body  ; posterior  limbs  completely  retroverted. 

2.  Galcopithecae,  fingers  of  the  hands  not  larger  than 
tliose  of  the  feet,  and  similarly  nailed. 

1.  Two  long  incisors,  middling  or  excessive  in  height, 
and  the  canhie  shorter  than  the, incisive.  Hedyehog,  Field 
Mouse,  lîussian  Musk  Rat,  Scalopes,  Chri/sochlores. 

2.  Large  canine  teeth,  wide  from  each  other,  between 
which  are  small  incisors,  Tanrec,  Mole. 

1.  Plantigrada,  Bear,  Rat,  Coatis  ( Racoon),  Kvtkajcnc, 
Badger,  Glutton. 


1.  Orang-outang  and  Gibbon.  An- 
thropomorphous, without  tail,  without 
callosity  on  the  hips,  or  pouches  in  the 
cheeks. 

2.  Cynoccphali,  MacaJeas,  Guenons. 
with  tail,  callosities,  pouches. 

1.  Stantores,  the  lower  jaw  much 
lai'ged  vertically,  to  include  the  os 
hyoides,  which  is  dilated  in  the  form  of 
^ (Inun,  tail  prehensile. 

2.  Ateles,  with  rudimentary  thumbs, 
and  prehensile  tail. 

3.  Sais  or  Capuchin^  with  incisor  teeth 
vertical  as  in  man,  tail  prehensile. 

4.  Sakis,  inferior  incisera  obliquely 
prominent. 

5.  Ouistitis,  incisors  straight,  nails 
compressed. 


1.  UODENTIA,  WITH  clavicles. 


C.  GRAVIGBADA.  Bl. 

Pive  toes  upon  all  the  feet,  no  canine  teeth,  supe- 
.ior  incisors  conical,  recurved  above,  and  growing 
for  the  whole  of  life  ; no  inferior  incisor  or  canine 
Iteeth  ; nostrils  elongated  into  a trunk,  neck  wrink- 
iled,  tarsus  and  carpus  complete. 

7.  UNGULIGRADA.  Bl. 

Toes,  of  which  at  least  two  phalanges  are  inclosed 
. a hoof,  and  cannot  be  bent  for  prehension  ; the 
[adius  always  movable  upon  the  cubit,  brain  convo- 
uted,  olfactory  lobes  much  developed,  as  well  as  the 
[erebellum  and  fifth  pair. 

8.  SOLIPEDA. 

■\Vith  teeth  formed  of  several  plates  of  enamel, 
larated  by  cement,  and  with  a single  toe  canded  up- 
|n  a single  cannon  bone,  behind  which  ai-e  two  sly- 
1/j  corresponding  to  the  metataraal  and  metacarpal 
es  ; the  three  phalanges  inclosed  in  the  hoof, 
,n  convoluted. 

9.  RUMINANTIA. 

^ifrht  incisors  below,  none  above,  the  molar  teeth 
Ifortied  of  vertical  plates  of  enamel  growing  double  ; 
the 'foot  divided  into  two  toes,  or  sabots  ; behmd-the 
'sabots  are  two  rudimentary  toes,  supported  upon 
metacarpal  and  metatarsal  slylcls  ; four  stomaclia, 
brain  convoluted,  olfactory  lobes  strongly  developed. 

10.  CETACE.A. 

No  posterior  limbs,  vestige  of  pelvis  without  art! 

1 culation  to  the  spinal  vertebne;  the  six  vertebrae 

I behind  the  atlas  shortened,  flattened,  and  even  some. 

II  times  consolidated  into  one  mass  ; toes  enveloped 

11  ti  bunch,  in  form  of  the  palm  of  an  oar,  and  without 


2.  RODENTIA,  without  clavicles. 

1.  Sharp  canine  teeth.  Snout  short,  niammœ  pectoral. 
Number  of  ribs,  of  cervical  vertebrae,  of  toes,  and  form  of 
the  maxillary  condyle,  varying  from  one  species  to  another. 

Sloth,  or  Bradypus.  . , . i 

2.  Cylindrical,  and  having  mokr  teeth  ; without  molar 

(Armadillos),  covered  vitb  shields;  Oryctert^es 
covered  with  hair. 

3.  Without  any  teeth,  with  a filifonn  tongue,  protrac- 
tile,  but  without  a bony  axis. 

Anteaters  covered  ivith  hair,  Pangolins  (Short-tailed 
Manis ) covered  mth  scales. 

1.  Elephants.  With  molar  teeth  formed  from  ten  to 
fifteen  layers  of  enamel,  separated  by  cement. 

2.  Mastodontes.  With  molar  teeth  of  the  same 
structure  as  man. 


2.  Digiiigrada. 


1.  Phoc<B.  Four  to  six  superior  incisors,  four  inferior; 
twenty,  twenty-two,  twenty-fom-  cutting  or  conical  max- 
illary teeth,  without  tubercles.  ■ 

2. ‘ Morses.  Body  like  the  PJtocce  ; with  enormous  up- 
per canine  teeth  projecting  vertically  from  the  Jaw  ; and 
between  which  a compressed  inferior  jaw  is  moved,  void 
of  canine  and  incisor  teeth  ; four  incisors  between  the  su- 
perior canine. 

1.  With  molar  teeth  formed  of  stripes,  or  plates  ot 
enamel,  rolled,  and  folded  in  upon  themselves. 

Beavers,  Great-headed  Field-Mouse,  Echymys,  Dormouse, 
Tlydromys,  Helamys. 

2.  Omnivorous.  Molar  teeth,  with  spongy  tubercles, 
Tvith  a structure  like  that  of  Carnivora. 

Rats,  Hamster-Rats,  Jerboas,  Mole-Rats,  Cape  Mole- 
Rats,  jl/ar»io/,  Squirrel,  Aye-Aye.^ 

Having  the  teeth  formed  of  pkifcs,  rolled  in,  or  folded  ; 

of  several  lobes  of  flattened  enamel. 

Porcupine,  Hare,  Guinea-Pig,  Cobayes,  Agulis,  Pacos. 


1.  Marlins.  A single  tubercular,  and 
two  or  three  false  molar  teeth  above  ; 
and  three  or  four  molar  teeth  below. 
Polecat,  Marlins,  Mouffetts,  Otter. 

2.  Two  tubercular  teeth  behind  the 
maxillary  branches  ; in  the  number  ot 
four  above  and  five  below  ; four  toes 
behind.  Sleek-tongued  Dog,  rough 
tongued  Civet. 

3.  No  tubercular  tooth  behind  the 
inferior  canine.  Hyenas  and  Cals. 


Teeth  of  the  same  structure  as  : 
ders  ; fore-anns  and  legs  complete- 


1.  Without  horns.  Camels,  Cbeerotains  ( Roc  ). 

2.  With  honis.  Giraffe,  Stag,  Ox,  Antelope,  Goat, 
Sheep. 


1.  Herrtvorous  Cetacea.  'Small  pectoral  mammse, 
cerv’ical  vertebive  always  movable,  fore  arm  movable  by 
ginglymus  upon  the  arm,  jaw  short,  intermaxillary  bone 
armed  with  teeth. 

2.  Ordinary  Cetacea.  Never  with  superior  incisor 
■ canine  teeth  ; nostidls  provided  with  vents,  or  cavities, 


1.  No  canine  teeth.  Rhinoceros,  Damans. 

2.  Three  orders  of  teeth.  Hippopotamus,  Pig,  Tapir, 
Anoploilicrium,  Palmihcrtum. 


1.  Lamantin.  Molar  teeth  like  those  of  man. 

2.  Dugongs  (Ikan-Dttgong),  ivith  protected  incisors, 
with  molares  formed  of  two  cylinders. 

3.  Stellers,  havmg,  in  place  of  teeth,  homy  plates  at 
the  margin  of  the  palate. 

1,  Cetacea,  with  teeth  implanted  upon  the  jaws,  or  only 
upon  the  lower  jaw.  Dolphin,  Nanval,  Hyperoodons, 


anuie  leeui  ; mjatiua  piu' wjui  viriu,a,  w.  p 

ii.ressibk  by  mpsulnr  musclej  situated  at  the  orifice  « Upper  jaw  fttniislied  with  fetlocks, 

of  the  nostrils,  to  expel  the  water  swallowed;  . lower  jaw  without  teeth, 

near  the  anus,  with  elongated  jaws. 


MAMMALIA 

EMBRYOPARA; 

11  OR  BEARING  EMBRYONS. 


M.kKSUPIALIA. 

Having  all  ; male  and  female,  with 
II  iiurse,  or  without  purse  ; two  supernu. 
I inerary  boues,  articulated  upon  the  oi 
ILuAU  bv  the  one  extremity,  and  floating 
K freely  at  the  other;  these  bones,  al- 
I though  iiulepcudent  of  the  nurse,  have 
I been  named  fnarsi//>ia/,  as  well  ns  the  ani. 
linals  furnished  with  them.  Without  di. 
ion  of  the  oviducts  in  the  matrix,, 
without  contraction,  or  neck,  of  the 
Btermiuatiou  of  the  oviducts  in  the  vn. 
Igina  ; whence  it  follows,  that  the 


uterine  existence,  hut 
forthwith  to  the  teats,  where  their 
'ast  development  is  completed. 


■ pass 


1.  Marsupialïa  carnivora. 


Long  canine  teeth,  and  six  to  ten  small  incisors  in  the  two  jaws  ; always  more  numerous 
that  above  ; the  posterior  molares  alone  ai-erough,  with  points  ; molares  trenchant,  onun 


2.  MarsupiaWa  frugivora. 

Two  long  flat  incisors  projecting  downwni^  six  above  ; superior  canme  teeth 
ierior  rudimenturv  and  felling;  thumb  alm<fe  directed  as  m birds,  and  without  claw,  the 
two  toes  foUowhig  being  joined  by  skin. 

3.  MarsupialUv  herbivora. 

Posterior  legs  three  or  four  times  longer  than  the  anterior  ; want  thumbs,  and 

two  flrat  toes  foinedeven  to  the  claw;  the  tad  enormous,  fomniig  a third  lever  foru£^n& 
to  which  the  two  anterior  limbs  are  stihngep;  five  gnnders  every  where  crmnied  witli 
tuheix-les,  or  transverse  eminences  ; two  sup^or  incisors  projecting  ; and  six  above. 

4-.  MaRSUPIAWA  RODENTIA. 

Two  gruat  incisois  çrowingin  each  jaw  ; th^indors  with  two  tyansverse  eminences  ; five 
claws  on  the  fore  feet,  four  on  those  behind,  wlfere  a tubercle  supplies  the  place  ot  a great  toe. 

5.  Marsupi.vUa  edent.vta. 

Having,  besides  the  ordinaiw  clavicle,  an  Izygos  clavicle  common  to  the  shoulder^ 
in  lizards  ; besides  the  five  toes  of  the  four  Ret,  the  males  hav( 
a spur,  fixed  upon  the  astragalus.  . 

The  above  characters.  If  U U well  ‘‘  ' 


i those  of  the  hind  feet, 


n by  incubatiou,  ought  to  raise  tt 


VBaTBDfl-tT.' 


1.  Sarigues,  ( Manitou),  or  Didclphos.  Fifty  teeth  in  all,  thumbs  on 
the  feet  behind,  opposable,  and  with  a flat  nail;  tongue  rough  at  the 
edges  ; tail  naked  and  prehensile. 

2.  Dasyiircs.  Eight  superior  incisor  teeth,  six  inferior,  in  all  forty- 
two  ; tail  Everywhere  villous,  not  prehensile,  posterior  thumb  i-udimen- 
tary,  and  not  opposable. 

3.  Pei-a\ncles.  Ten  superior  incisors,  six  inferior,  in  all  forty-eight 
teeth;  three  toes  only  on  the  hind  feet,  of  which  the  two  exterior  are 
joined  by  skin  ; five  toes  to  the  feet  before,  the  intermediate  of  which  i 
armed  with  large  claws. 

1.  PJialongsTS,  w'ith  tail  always  prehensUe,  sometimes  in  part  scaly. 

2.  Flying]  Phalangers,  with  the  skin  of  the  flank  extended  between  the 
legs  ; tall  not  prehensile,  and  villous. 

3.  Koala.  Two  inferior  incisors,  witliout  canine  teeth,  six  above,  the 
middle  th^  longest,  and  two  small  canine  teeth  ; toes  of  the  fore  feet  di- 
vided intoitwo  groups,  for  seizing,  as  in  Parroquets  ; the  thumb  is  want- 
ing on  the  hind  feet. 

1.  Kangoroo-Rat,  having  more  than  two  canine  teeth  above,  and  the 
first  molarilong  and  indented. 

2.  Kangaroo,  without  canine  teeth,  and  with  the  molar  uniformly  alike. 


1.  £fAirfnfT,  with  extensible  tongue  like  the  Anteater;  no  teeth  whatever. 

2.  OrnU^rhynchus,  with  jaws  homy  and  denticulated  like  those  of 
Ducks  ; one  tooth  on  each  side  of  the  bottom  of  the  mouth. 
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TABLE  IV.— MEN. 


1.  CEI/rO-SCYTH-ARA- 

BIANS. 


2.  5IONGOLS. 

3.  ETHIOPIANS. 

4.  EURO-AFRICANS. 

5.  AUSTRO-AFIIICANS. 


G.  iMALAA'S,  01-  OCEA- 
NIANS. 


8.  OCEANIAN  NE- 
GROES. 


9.  AUSTRALIANS. 


10.  COLUMBIANS*. 


11.  AMERICANS. 
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Hfth-  smooth,  silky,  plentiful;  fixcial  angle  open;  indsor-teeth  ver- 
tical  ; cheeks  not  pnyecting  or  large  ; skin  ami  liau-  varying  from  black 
to  white,  ncconling  to  the  climate. 

Inhabit  aUEm-ope,  but  less  its  central  polar  countries;  Asia  to  the 
Ganges,  ami  to  the  sources  ot  the  Irtish;  the  Atlantic  reirion  of  Afiica, 
Egypt  and  Abyssinia.  ^ 

Hair  smooth,  but  stiff  and  thin  ; beai-d  thin  ; eve  small,  raised  ob- 
litiuelv  backivards  ; cheeks  projecting,  indsoi-s  vertical  ; skin  yellow,  and 
hail  black,  coloui  invariable  under  all  climates  ; niarrijig©  precocious. 

Hair  woolly  ; cnuiium  compressed  ; forehead  dejiressed;  nose  flattened; 
fiicial  part  of  the  intermaxillary  bone  and  chin  obliquely  inclined  upon 
one  another,  as  also  the  incisoi-s  ; skin  and  haii-  black  under  all  cUmates. 
Hair  woolly  ; skin  black  ; cranium  less  compressed  than  in  the  Ethiopi- 
s ; and  forehead  almost  as  projecting  as  in  Europeans  ; incisoi-s  vertical  ; 
nose  little  depressed.  Commonly  designated,  Negi-oes  of  Mozambiipie. 
Hail-  woolly,  and  the  bones  of  the  nose  usually  in  one  single  scaly  plate, 
in  Makas,  and  much  more  flat  and  broad  than  in  otlier  Afi-icaiis  ; ole- 
aniiui  cavity  of  the  humerus  perforated  by  a hole  ; incisoi-s  and  chin 
much  move  oblique  than  in  Ethiojiians.  Skin  vellow  bistre. 

Ci-anium  conformable  to  that  of  Europeans;  cheeks  a little  larger; 
teeth  quite  alike,  hairs  smooth  and  black,  skin  olive  or  brown,  hi  tlie 
same  climate  where  the  Arab  Indian  is  as  black  as  the  Negro. 

I'hc  shores  of  Indian  China,  all  the  Asiatic  Arcliipebigo,  and  Oceanica 
to  hladagascar. 

N.  B.  The  Freiirh  gwifrapher  Maltt-Briin,  hag  thought  proper  to  lenominrite  the  South 
M JWrtHrf*  OrBAXiCA.  auMMding  again  into  Horih-West,  Central,  and  Eastern  Oceanica. 
The  latter  Polynesia,  and  extends  from  the  Ladrones  to  Easter  Islaiii  and  Owyhee.—TR. 

Almost  Negro  ; hair  black,  half  woolly,  very  tough,  naturally  curling; 
beard  black  and  thin  ; pliysiognomy  between  the  black  and  tlie  Malay  ; 
but  with  teeth  somewhat  prominent  ; nasal  opening  wider  still  than 
the  natives  of  Guinea, 

Colour  quite  black,  cranium  compressed  and  depressed;  hair  short, 
•ry  woolly,  and  curled;  nose  flat  to  the  root,  and  very  broad;  lips 
thick  ; facial  angle  very  acute  ; on  the  whole,  closely  approaching  the 
Negi-oes  of  Guinea. 

New  Guinea,  Archipelago  del  Espiritu  Santo,  or  New  Hebrides,  Auda- 
an  Isles,  Formosa. 

Hair  smooth,  black  ; beard  and  hair  thm  ; limbs  slender,  and  of 
length  disproportionate  to  the  body  ; teeth  vertical,  nose  very  broad  ; 
for^ead  depressed  and  compressed. 

Head  elongated  ; nose  long,  projecting,  and  strongly  aquiline  : forehead 
compressed  and  flattened  ; consklerable  height  of  the  jaws;  red  copper 
colour,  in  all  climates  ; hairs  black,  never  becoming  grey  ; heard  thin  ; 
forehead  more  depressed  than  with  the  Mongols  ; nubility  precocious  ; 
imagination  lively  and  strong;  moi-al  character  energetic. 

Tlicse  characters  be’long  chiefly  to  the  people  of  North  America,  ard  the  table  land?  of  the 
Cordilleras,  as  far  as  Cumana. 

Head  generally  spherical,  forehead  broad,  but  depressed  as  in  the  Mon- 
gols; superciliary  arches  projecting  outwards;  cheeks  prominent;  nosi 
flat  and  depressed  at  the  root  ; hairs  long,  thick,  rigid,  and  straight 
skin  neither  black  nor  yellow,  nor  copper-coloured  ; lips  very  thick,  un 
derstanding  generally  obtuse,  and  moral  character  extremely  debased. 


o hair,  primitive  Inlwbltanta  of  Europe  to  tiio  west  of  the  Rhine  and  the  Alps,  to  the  ocean  ami  lU  isles, 

a.  Seythlane,  white  lialr.  Central  Europe,  Asia  to  the  sources  of  the  Irtish;  Slountainsof  Bclur  and  Mlmalavaii. 

4 Itlaiit"'''  Africa,  ai|d  Asia  to  the  south  of  the  Caucasus,  os  far  as  the  Ganges, 

people  of  the  Canari»*** 


OlecranlauyiiMa  of  the  liumcnis  placed  os  in  tlie  Soutli  African;  liair  black,  chesnut,  andTair.  Guanehes,  an  ancient 


AfVIca.  from  the  Seni^l,  the  Nicer,  and  the  Bnlir.ol-Azrok,  to  within  a little  of  the  southern  tropic.  Separated  from  the  Euro- 
Africans  by  a chain  of  Itlgli  moimtaliis  running  parallel  to  tlie  sea-shore  from  India. 

Tlie  eastern  const  of  Afllca,  upon  the  Indian  Ocean. 

Africa,  beyond  the  soutliem  tropic,  less  the  part  corrcspoiidlng  to  the  eastern  coast. 

1.  Mutfontotx,  nosehicnians,  Ôc/jiianas,  &c. 

...  ..  --stem  coast  of  Madagascar;  hairshort  and  woolly;  colour  of  skin  deep  copper; 


jectlns;  shape  smaller  than  the  middle  of  Europe.  Character  perfidious  and  ferocious.  ^ ’ 

4,  Polynesians,  properly  so  called  ; generally  tall  like  the  Carolinians,  but  with  visage  of  Javanese,  S umatrlnns,  iic. 

6.  Hoiro*  of  Madagasc.ir.  InhnblUng  the  Zone  bùween  tlie  eastern  shore  and  the  mountains  ; ordinary  size  five  feet  ten  or  eleven 
aches;  colour  bright  olive  ; orbits  large  and  squatc;|chiii  a long  transverse  oval;  nose  almost  European. 

i 

Inhabit  the  little  islands  around  New  Guinea,  Woi^loo,  and  New  Guinea. 


ive  peopled,  or  people  still,  the  north  of  thewedom  Oceanica,  some  small 
ipefago,  and  some  countrits  of  Indian  China,  aÀI  the  adjacent  islands. 

Afoys  or  Jifoi/cs,  of  the  mounUina  of  Cochlnchiii;  Saniang,  Vayack.  &c.  of  the  mounUlns  of  Malacca  ; peopling  also  th 
I,  and  anciently  the  south  of  the  Isle  of  Niphon,  according  to  the  Japanese  history. 
the  PliUiptine  IslaiuU,  the  interior  of  the  Celebes,  and  some  of  the  Molucca,  ancieni 


Archi 

1.  tifoys  OT  Moyes, 

•'  Archipelago  of  Andaman, 


of  F( 

2.  The  Interior  of  Borneo  and 
terior  of  the  isle  of  Java,  according 


of  Polynesia,  a great  part  of  the  Indian 
the  Interior 
lUy  the  in- 

:o  del  Espiritu  Santo,  or  New  Hebrides,  and  Van  Dleman’s 

, lie  body,  as  In  the  scmno-pithecas,  in  the  genus  Guenon. 

c,  an  Island  of  which  the  animal  population  Is  equally  related  to  the  system  of  or- 


, Omncims,  Otfai'flni.T,  Coroados,  Purls,  Murai  0«oniflcs,  Ac.  prominent  belly,  breast  hairy,  b*?ard  plentiful:  size  under  tlieme- 
m of  the  Spaniards;  skin  of  a very  dark,  diily,  lilslre  colour;  mmd  indolent,  Improvident;  head  of  a volume  disproportionate  to 
body;  flattened  at  the  top,  sunk  between  the  shoulders;  all  South  America,  to  the  south  of  the  Amazon  and  Orinoco  rivers,  to  the 
. of  tlie  Andes,  and  of  La  Plata.  The  G«ar/i«/»  Snd  Coroados  are  without  beard  and  witliout  hair  upon  the  bre-ist. 

. Ill  size  ; skin  almost  white,  dweUing  near  the  sources 


en  the  shoulders: 

isim  me  /uiucs,  oiiu  ui  x,ii  The  G«ar/iJi/»  knd  Coroados  ...c  ..., 

2.  Bofot'udes,, skin  clear  brown,  sometimes  almostSvhitc  ; Guiacas  of 
01  the  Orinoco,  under  the  Equator.  [ 

3 Atbayae,  Charruas,  Ac.  skin  of  a brown  and  all  but  black  colour,  without 
narrow,  depressed  at  the  root  : eyes  small  and  confined  ; teeth  vertical,  ' 
and  better  made  than  In  the  Spaniards;  size  larger  than  ‘ ' 

4.  Thi:  Puclehcs,  and  Tehullells,  or  F ' 
lishi  hair  long 


out  a shade  of  red  : forehead  and  physiognomy  open  ; 
long,  black  and  rigid  ; feet  and  hands  small  in  propoi 
bit  Paraguay. 

:a.  as  far  as  the  StralU  of  Magellan  ; size  about  G feet 


n proportion, 
it  Eng- 


N.  D.  The  Mongol  nations  of  the  north  of  America  aud  Greenland,  namely,  the  Esquimaux,  the  Tchnugatches,  the  Konias,  Ac.  speak  languages  of  which  the  grammatical  forms  afe  similar  to  tho: 
ire  found  in  Biscay  in  Europe,  and  In  Congo  in  Africa.  {The  true  7jnwe  is  " MONGVL,"  uihencc  the  EngUsli y AtOGVL."  See  A'Mung's  Mitliridates,  1.  p.  4^.  Tr.) 

From  these  facts,  and  others  analogous,  it  results,  that  the  resemblances  and  the  difrcrcnces  of  languages,  which  decide  always  the  identity  and  the  difference  of  iiaiious,  cannot  charocttrize  the  species. 
See  Ethnographic  Atlas  of  tlie  Globe,  by  M.  Adrien  BalbL 


i of  the  Mexicans,  PcnivLins,  Araucanians  Ac.  ; the  s; 
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